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Abstract 
Sargassum spp. have been shown to be both an economically as well as 
ecologically important resource in the coastal environment. This brown alga 
provides hal^itats and food for various coastal organisms and serves as sources of 
various useful products for human. Study on seasonality of growth and reproduction 
of Sargassum spp. and their relationship with the environment is essential for better 
understanding of their ecological role and for optimizing the application of these 
plants as natural resources. A comprehensive study on seasonality of two common 
Sargassum species, S, hemiphyllum and S. Siliquastrum, covering their horizontal 
distribution range from north to south of Hong Kong and vertical depth range from 
shallow to deep waters was conducted from September 2005 to June 2007 with an aim 
to examine the comparative seasonality of these two Sargassum species in Hong 
Kong. Sargassum populations from a total of seven sampling sites from north to 
south, namely Lung Lok Shui (LLS), Lung Yuen Tsui (LYT), Lo Fu Ngan (LFN), 
Lung Ha Wan (LHW), Clear Water Bay (CWB), Tai Tarn Wan (rocky shore) (TTM(rs)) 
and Tai Tarn Wan (sea school) (TTW(ss)) were studied. 
The results indicated the phenological cycles of growth and reproduction of S. 
siliquastrum were two months earlier than those of S. hemiphyllum. No 
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intra-specific differentiations in phenological growth and reproduction among the 
populations of both S. siliquastrum and S. hemiphyllum distributed along the 
meso-scale (<100 km) latitudinal gradient from north to south of Hong Kong were 
observed. However, the phenological growth and reproduction of LLS shallow (-2 
m to -4 m C.D.) S. siliquastrum population was much reduced and delayed than other 
southern populations due to severe grazing pressure from short-spined sea-urchin 
{Anthocidaris crassispind) in the second growing season (August 2007 to June 2007). 
The occurrence of longer morphological individuals (> 200 cm) of S. hemiphyllum at 
sheltered embayment area of TTW and shorter individuals (< 150 cm) at exposed site 
of LLS indicated that wave exposure may be the factor causing morphological 
differences among the populations of S. hemiphyllum. 
The LLS shallow population of S. siliquastrum displayed a phenological cycle of 
growth and reproduction one month ahead of the deep (-7 m to -9 m C.D.) population 
in the first growing season (September 2005 to July 2006). It also tended to display 
shorter thallus length but higher reproductive output than the deep population. This 
intra-specific phenological differentiation between shallow and deep populations 
suggests a difference in the growth strategy adapted by the two populations along the 
depth gradient in response to different levels of irradiance and stand densities 
exhibited by the two populations. 
Abstract (English) vi 
Seasonal photo synthetic performances of the two Sargassum spp. were 
monitored in-situ by Diving PAM along with the monitoring of their growth and 
reproduction from September 2005 to June 2007. Both S. siliquastrum and S. 
hemiphyllum populations displayed annual cycle of effective quantum yield with 
seasonal peaks occurring right before the onset of active growth. Their peak growth 
was lagged behind the peak of photosynthetic efficiency suggesting that energy 
resource acquired during peak photosynthetic period may be reserved during early 
growth phase for use later during active growth and reproduction. During the active 
growth phase, their effective quantum yield decreased as the plant grew in size. This 
could possibly be explained by increase in their dry weight / fresh weight ratio and 
"pigment dilution effect" as the thallus grew in size. The effective quantum yield of 
both Sargassum spp. dropped to the minimum level when the Sargassum spp. entered 
the die-back stage. Such seasonal variations in photosynthetic performance of the 
two Sargassum spp. were not in line with their phenological patterns of growth and 
reproduction. However, the seasonal photosynthetic efficiencies of both S. 
silquastrum and S. hemiphyllum were related to their life stages and were in the 
descending order of: Slow Growth Phase > Active Growth Phase > Reproductive 
Phase > Dieback Phase. This implies that there is differential energy requirement for 
growth and development in different life stages of the populations. 
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Differential photosynthesis among various parts of Sargassum spp. is related to 
their morpho-fiinctional specialization. The maximum photosynthetic quantum yield 
of different tissue parts of both Sargassum spp. are in the following descending order: 
“Blade/Leave，，> "Receptacles" > “Stipe” > "Holdfast". A gradient of increasing 
maximum effective quantum yield (measured in the laboratory) from the apical tip to 
the basal part was observed in S. siliquastrum during active growth and reproductive 
phases but not in S. hemiphyllum. This gradient in photosynthetic efficiency could 
be attributed to "shade adaptation" of the basal part of the thallus and photo-inhibition 
at the upper part. The "shade adaptation" and photo-inhibition could also be 
extended to explain the relatively higher effective quantum yield in deep S. 
siliquastrum population than in the shallow population. 
Manipulative reciprocal transplantation experiments for both S. siliquastrum and 
S. hemiphyllum were conducted to examine the factors behind the phenological and 
morphological differentiation among the populations fi'om different localities 
recorded in the first growing season. Since differentiation in the timing of 
phenological cycle between the shallow (-2 m to -4 m C.D.) and deep (-7 m to -9 m 
C.D.) populations reported in the first growing season was not consistently recorded 
in the second season. The question on whether the phenological differentiation 
between the two populations recorded in the first growing season was due to 
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phenological plasticity or determined by genetic difference of the populations could 
not be answered. Self-transplantation reduced the growth and reproductive output of 
S. siliquastrum but not S. hemiphyllwn. The lethal effect of sea-urchin grazing was 
recorded from transplants at shallow region. Both natural and transplanted 
populations of S. siliquastrum had better growth and reproduction at deep region 
where abundance of sea-urchin was lower. Effective quantum yield of S. 
siliquastrum increased after transplantation from shallow (-2 m to -4 m C.D.) to deep 
(-7 m to -9 m C.D.) region and vice versa, indicating photo-acclimation of this species 
in response to the change in the light environment. This further confirmed "shade 
adaptation" and photo-inhibition as an explanation for the differential photosynthetic 
effective quantum yield observed between the shallow and deep populations. 
Mean thallus length and reproductive output of S. hemiphyllum from exposed site, 
LLS, increased after being transplanted to sheltered area within the embayment of 
TTW and vice versa. The results of reciprocal transplantation demonstrated the 
phenotypic plasticity in size and reproduction of S. hemiphyllum as a response to the 
variation of wave exposure. 
This thesis research has revealed the patterns of phenological growth, 
reproduction and photosynthetic performances of S. siliquastrum and S. hemiphyllum 
populations distributed along both the latitudinal gradient from north to south of Hong 
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Kong and the vertical gradient along different water depths. The existence of these 
differential patterns can be attributed to phenotypic plasticity of the two Sargassum 
spp. in responding to changes in environmental conditions (abiotic factors: light and 
wave exposure). Phenotypic plasticity of Sargassum spp. as a response to other 
biotic interactions such as density effect and sea-urchin grazing are suggested to be 
the areas for further studies. This thesis research has achieved its overall objectives 
set out at the beginning of the studies. Data obtained from this research should serve 
to provide essential baseline information for better understanding of the community 
and population dynamics of this very important coastal resource 
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Abstract (Chinese) xii 
卻與它們的生活史階段有明顯關係，隨著不同生長階段而變異並形成以下降序排 
列：、、緩慢生長期〃 >、、活躍生長期〃 > ”繁殖期〃 >、、老化期(回枯期)〃。 
兩種馬尾藻不同組織的光合作用變異與各藻體組織在形態功能分工上有密 
切關係。兩種馬尾藻各藻體組織的最高光合量子產生率皆成以下降序排列：〃葉 
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生長及繁殖則優勝於淺水區的天然族群。裂葉馬尾藻的光合量子產生率從淺水區 
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(-2m to -4m C.D.) and Deep (-7m to -9m C.D.) regions of 
LLS. 
Fig. 3.10 Sargassum siliquastrumi Seasonal variations in mean (土 S D ) 170 
photosynthetic effective quantum yield (AF/F m，）of the 
populations from Shallow (-2m to -4m C.D.) and Deep 
(-7m to -9m C.D.) regions of LLS, and mean ( 土 SD) 
Photosynthetic Active Radiation (PAR) measured in situ. 
Fig. 3.11 Variations in mean (±SD) maximum photosynthetic effective 171 
quantum yield (AF/F m，）of different parts along the thallus 
length of different life stages of A) S. siliquastrum and B) S. 
hemiphyllum. 
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Fig- 4.1 Sargassum siliquastrum: The conceptual diagram and 198 
photographic records of the tranplantation device. 
Fig. 4.2 Sargassum hemiphyllum: The conceptual diagram and 199 
photographic records of the tranplantation device. 
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Figure No. Title 
Fig. 4,3 Sargassum siliquastrum: Variations of mean (士 SD) thallus 
length (cm), percentage of reproductive plants (%) and 
photosynthetic effective quantum yield (AF/F m') of the 
transplanted and natural populations The six graphs present 
the results for A) "Deep to Shallow" transplant, B) "Shallow 
to Shallow" transplant, C) "Natural Shallow Population", 
D) “Shallow to Deep" transplant, E) "Deep to Deep" 
transplant and F) "Natural Deep Population". 
Fig. 4.4 Sargassum siliquastrum: Photographic records of sea-urchin 
grazing on tranplanted populations of "Deep to Shallow" and 
"Shallow to Shallow" at the shallow region of LLS. 
Fig. 4.5 Sargassum hemiphyllum: Variations of mean (± SD) thallus 
length (cm), percentage of reproductive plants (%) and 
photosynthetic effective quantum yield (AF/F „，）of the 
transplanted and natural populations. The six graphs 
present the results for A) "LLS to TTW" transplant, B) 
"TTW to TTW" transplant, C) “Natural TTW 
Population", D) “TTW to LLS" transplant, E) "LLS to 
LLS，，transplant and F) "Natural LLS Population". 
Fig. 4.6 The survivorship (%) of the transplanted populations of both 
S. siliquastrum and S. hemiphyllum. 
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Chapter 1: General Introduction 
I.l General Idea and Background on Seasonality and Phenology 
In conventional definition, phenology, which is derived from the Greek word 
“Phaino” meaning to show or to appear, is the study of periodic, recurrent biological 
events in the animal and plant world as influenced by the environment, especially 
temperature changes driven by weather and climate (US/IBP Phenology Committee, 
1972). Seasonality is a closely-related term to phenology, referring to the similar 
non-biological events, such as the timing of the fall formation and spring melting 
down of ice on the lakes (Lieth, 1974). In this study, the term "Seasonality" refers to 
both the regularly changing environment and the biological response of organisms 
conditioned by that environment. 
The study on seasonality or phenology of life cycles is a broad subject which 
covers a wide range of seasonal processes of various living organisms in the 
environment. Blossoming of the flowers, unfolding of leaf, migration of birds, 
spawning of fishes, hibernation of animals and molting of insects etc. are all examples 
of these phenological processes. Numerous studies, ranging from classic 
phenological observations to advanced satellite remote sensing monitoring, have been 
carried out to record phenological events of life cycle throughout the year for different 
living organisms and to investigate their relationship with the environmental factors. 
To name a few, Erickson (1950) has recorded the flowering dates of orchid species at 
three locations in Western Australia for twenty-year time (1929-1949). Sokolov 
(2000) reported that the ambient temperature is an important factor controlling the 
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timing of migratory arrival and breeding of Pie Flycatchers, Fiecedula hypoleuca in 
Eastern Baltic. Spring Index Model, a complex statistical phenology model based on 
satellite remote sensing data of vegetation, has successfully been used to predict the 
start of the growing season in the United States (Schwartz, 1997). 
Long before these systematic and scientific studies, the connection between 
human knowledge and seasonality of the surrounding environment has already existed 
since there is civilization in the world. Ancient farmers were able to observe the 
phenological events of crop such as seed germination, different phases of growth and 
maturation every year. So that they were aware of the best time for seed planting 
and crop harvesting. With the accumulation of knowledge about seasonality and 
phenology, people can now further advance the techniques of agriculture. By the 
mid-1900s, this field of study entered a new era of development and became an 
emerging discipline of environmental science itself. Environmental scientists from 
all around the world have joined hands to establish observation network connecting 
long term phenological data from different regions. Nowadays, with a great concern 
on global climate changes, scientists can make good use of the network data to 
compare the previous phenological record with the current response of organisms so 
as to better indicate the impact of global climate change. Therefore, seasonality, 
from a perspective of environmental study, is becoming more and more important for 
the better ecological management of natural resources and monitoring of 
environmental changes with special regard to global climatic changes. 
1.1.1. Seasonality Study of Terrestrial Plants 
Among the various researches on seasonality and phenology, studies on 
terrestrial vegetation have the longest history which dates back to thousands of years 
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ago in the civilization of China and Rome due to their application on agriculture and 
horticulture activity. Based on previous knowledge, we generally know that growth 
and development of land plant are entrained by seasonal cycle. Researches on land 
plant phenology tended to partition life-cycle, subdividing it into different stages such 
as dormancy, flowering, fruiting and so on (Larger, 1954; Troitzki, 1979; Meier 1997). 
Troitzki (1979) examined connections between occurrence of apple blossom weevil 
(Athonomus pomorum) and phenological development of flower buds, and divided 
apple bud formation into three stages and twelve phases. To understand the 
mechanism behind the regulation and control of phenology and seasonality of plant 
growth stages, numerous phenological studies have been conducted to investigate the 
relationship between annually repeated life-cycle and seasonal change of 
environmental factors for a wide range of species. Most of the studies show that 
growth, development and reproduction of plant are closely regulated and controlled 
by environmental factors. Typically, the onset of bud dormancy and flower initiation 
in many tree species are triggered by decreasing photoperiod in late autumn (Wareing, 
1956; Thomas & Vince, 1997) and increasing photoperiod after spring equinox 
(Borchert & Rivera, 2001; Rivera et ai, 2002) respectively. Other environmental 
factors like nutrient stress and temperature can also affect the onset of bud dormancy 
with an interaction effect with photoperiod (Heide, 1974; Nooden & Weber, 1978). 
1.1.2. Studies on Seasonality of Marine Algae 
Like the seasonality of land plants which have strong tie to the seasonal course of 
environmental factors, the phenology of marine algae is also found to be under the 
regulation of the environmental conditions. Phenological observations of marine 
algae are available for Chlorophytes (Clifton & Clifton, 1999), Rhodophytes (Arasaki, 
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1981; Breeman et aL, 1988) and Phaeophytes (Henry, 1988). In these studies, 
reproductive behavior was studied in the field, where the development of 
tetrasporophytes of rhodophytes and gametophytes appeared to be strictly regulated 
by temperature and day-length responses (Breeman et aL, 1988). Compared to land 
plants, studies on the seasonality of marine algae could sometimes be more 
complicated owing to the higher complexity of the life cycles of marine algae which 
can basically be classified into patterns that are monophasic, biphasic and triphasic. 
Among the three main groups of marine algae, some members of the brown algae, 
such as Fucales, exhibit a life history that is more similar to that of the land plants 
than that of other algae. Fucales has a simple life history with only one macroscopic 
phase and no free living gametophytic stage (Chapman, 1995). Therefore, studies on 
this group of algae may be more readily compared with those on the land plants. 
Sargassum is one of the major genera of marine algae, which has been widely studied, 
under the Order Fucales. It is abundantly distributed worldwide, including Hong 
Kong. 
1.2 Life History and Seasonality of Sargassum spp. 
Sargassum belongs to the class Phaeophyceae, order Fucales, family 
Sargassaceae. It is one of the largest macroalga genera in the world in terms of both 
the size of individuals and species diversity. Members of this genus are widely 
distributed throughout the world, with distribution ranging from temperate to tropical 
zones. They are well-known for their distinct and clear seasonality (e.g. DeWreede, 
1976; Prince & O'Neal, 1979; Umezaki, 1983, 1984, 1986; Martin-Smith, 1993) in 
which they exhibit a high degree of morphological changes between growth stages in 
the life cycle. The growth pattern of Sargassum spp. can generally be characterized 
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as consisting of four main phases namely, embryonic phase, growth phase, 
reproductive phase, dieback and regenerative phase (Ang & Trono’ 1987). The 
embryonic phase starts with the microscopic embryos which adhere on the receptacles 
of the parental plants until they settle onto the substrata as new recruits. Elongation 
of the thalli is the major conspicuous growing activity in the growth phase. 
Reproductive phase marks the development of receptacles which appear only when 
the plant attains maturity. Sargassum spp. enter the dieback period in which most of 
the plant tissues decay after they have completed the mission of reproduction, leaving 
over a perennating holdfast that remains attached on the original substratum. When 
the new growing season comes, vegetative tissue is regenerated from the perennating 
holdfast and a new cycle of growth starts. Both generations of Sargassum spp. 
contribute to sustain the population dynamics. The growth pattern of Sargassum spp. 
simply repeats itself from year to year with similar seasonality. 
1.2.1. Why Study Sargassum Seasonality 
Sargassum spp. have been shown to be both an economically and ecologically 
important resource in the coastal environment. Some species are well-known as 
sources of alginic acid (Chapman & Chapman, 1980), animal feeds (Chapman & 
Chapman, 1980; Zhao & Xu, 1990; Hashim & Mat-Saat, 1992; Ma 2002) and edible 
food for human (Ang, 1985; Hwang et al, 2006). Sargassum has been used in 
traditional Chinese medicine to heal cuts and wounds. Recent research on natural 
products has indicated the potential of Sargassum as sources of bioactive compounds 
to combat diseases such as cancers and AIDS (Itoh et al., 1993; Nakamura et al” 1994; 
Wong et al.’ 2000). Extract from Sargassum can also be efficient metal-biosorbent 
against heavy metal pollution (Volesky, 1994; Lau, 2000). Besides the economic 
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importance, Sargassum also contributes substantially to the marine ecological 
environment by acting as the primary producer in the food chain and by providing 
secure and protected habitats for other marine organisms such as fishes and 
crustaceans. Free floating pelagic Sargassum patches in the Northwest Atlantic can 
support sustainable and diverse communities of marine lives, including micro- and 
macrophytes, fishes, sea turtles and other marine invertebrates (Ryland, 1974; Gray, 
1978; Norton & Benson, 1983; Coston-Clements, 1991). Seasonal occurrence and 
behavior of these marine lives are, thus, highly influenced by the seasonality of 
Sargassum plants. Due to their economic importance, Sargassum spp. are 
extensively harvested in many countries. There are therefore issues concerning the 
ecological impact of Sargassum harvesting and the management issues with an 
ultimate purpose to maintain sustainable harvesting yield and to reduce the impact to 
marine lives in the ecological environment. The efficiency and ecological impact of 
harvesting is highly dependent on the frequency, intensity and percentage removal of 
the harvest as well as the life history characteristics and phenology of the target 
species (Foster & Barilotti, 1990; Vasquez, 1995). An understanding of the 
biological and ecological characteristics, especially seasonality of growth, 
reproduction and extracted chemical content of Sargassum is therefore essential for 
the formulation of a sustainable harvesting strategy for this useful natural resource. 
With more information about the phenology of Sargassum and its relationship with 
the environment, it may become possible to develop advanced techniques for the mass 
aquaculture of this genus that eventually could help relieve harvesting pressure on the 
wild populations. 
1.2.2. Spatial and Temporal Variations in Seasonality of Sargassum spp. 
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1.2.2.1 Differences in seasonality based on Locality 
The seasonality of Sargassum spp. has been intensively studied in many places 
around the world. There is thusfar no general predictable pattern with respect to the 
seasonality of the various species reported. Contrasting seasonalities for growth and 
reproduction among different populations of Sargassum from different localities were 
found (Table 1.1). For example, most tropical Indo-Pacific Sargassum populations 
reached peak abundance and reproduced during cooler months of the year (e.g. Tsuda, 
1972; DeWreede, 1976; Trono & Tolentino, 1993). Some other tropical populations 
in the Pacific (Vuki & Price, 1994; Rogers, 1997) and the Caribbean-Atlantic regions 
(Prince, 1980; De Ruyter van Steveninck & Breeman, 1987), however, exhibited peak 
growth and reproduction in the warmer months of the year. DeWreede (1976) and 
McCourt (1984) suggested that tropical Sargassum species are most abundant in 
winter months while temperate Sargassum species are most abundant in summer 
months. This has not been supported by existing phenological information and 
contrasting results were found in some of the tropical species (Ang, 1985; Gillespie & 
Critchley, 1999) which showed maximum size in summer or fall (Table 1.1). 
1.2.2.2 Interspecific differences in seasonality 
Different environmental factors such as temperature (Ang, 1985; Anderson & 
Bolton, 1989; Liining & torn Dieck，1989; Glenn et al., 1990), light intensity and 
photoperiod (Luning, 1981; Dring, 1984), salinity (Brawly, 1992; Chapman, 1995)， 
nutrient (Rosenberg et al., 1984; Zavodnik, 1987; Gao & Nakahara, 1990) and water 
movement (Koehl, 1982; Denny, 1988) have been suggested to affect the growth and 
reproduction of algae, thus influencing their seasonality patterns. Among these, 
temperature is most commonly recognized as the major environmental factor shaping 
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algal seasonality (e.g. De Wreede, 1976; McCourt, 1984; Hurtado & Ragaza, 1999). 
Differences in the seasonal pattern of growth and reproduction of different Sargassum 
spp. from various localities can be explained by the spatial variation in the seasonal 
patterns of environmental factors. However, different species of Sargassum could 
also respond to the same local environmental conditions differently. Contrasting 
inter-specific differences in the seasonality of Sargassum populations have thus been 
reported to occur in the same region (e.g. Prince, 1980), or even within the same 
locality (e.g. Martin-Smith, 1993). 
1.2.2.3 Intra-specific differences in seasonality 
Even if the scope is scaled down to the level of a single species, intra-specific 
differences in phenological pattern of growth and reproduction were discovered 
among different populations of the same Sargassum species distributed in different 
localities with both large (>2000 km) and small (<60 km) spatial scales. Norton and 
Deysher (1988) reported a gradient of intra-specific variation in the reproductive 
phenology of different populations of S. muticum distributed along a distance of 2000 
km from south to north on the western coast of North America. The onset of 
reproduction tended to start earlier for the southern populations and later for their 
counterpart in the north. The intra-specific variations in seasonal maturation of S. 
horneri distributed along the Japanese coast were also reported (Umezaki, 1984; 
Terawaki, 1986; Marui et al., 1981). Generally the maturation of S. horneri occurs 
from winter to spring in southern and central parts of Japan, while the populations 
located northward along the Japanese coast mature later in summer. Okuda (1990, 
1991) reported the coexistence of both autumn-fruiting and spring-fruiting 
populations of S. horneri at two adjacent areas, less than 60 km apart, in the 
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Hiroshima Bay. A seasonal gradient in the peak of plant length and maturation was 
observed among these populations from the inner to the outer parts of Hiroshima Bay 
and Yanai Bay (Yoshida et al., 2004). In many other seaweeds, life history events 
such as the onset of reproduction or vegetative growth are triggered by the 
environmental factors, especially by water temperature and photoperiod (Liining & 
Dieck, 1989).�However, similar environmental conditions such as water temperature 
and photoperiod within Hiroshima Bay and Yanai Bay did not trigger the onset of 
maturation in those S. horned populations at the same time, suggesting that the 
phenological characteristics of S. horned may not be under the influence of water 
temperature and photoperiod or that these populations are genetically different. 
Subsequent in situ transplantation experiment showed that the transplanted seedlings 
exhibited the same maturation seasonality as that of the populations from the original 
habitat, suggesting that there are ecotypic differentiations in maturation seasonality 
among these S. horneri populations (Yoshida et al, 2004). 
1.2.3. Studies on Seasonality of Sargassum spp. in Hong Kong 
The earliest study on Sargassum spp. in Hong Kong can be dated back to 1930s 
when Setchell (1931) recorded 31 Sargassum species in Hong Kong. Later on, 
Tseng (1998) revised the record and reported the total number of Sargassum species in 
Hong Kong to be 28. There were a few documented studies on the seasonality of 
Sargassum spp. in Hong Kong (Lee, 2000; Chan, 2002; Ang, 2006; Wong, 2007). 
Most of these studies mainly focused on the Tung Ping Chau Marine Park at the 
northeastern part of Hong Kong water where Sargassum populations have been 
monitored almost continuously for more than a decade (1996-2009). The phenology 
of four Sagarssum species (S. hemiphyllum, S. henslowianum, S. siliquastrum and S. 
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patens) in Tung Ping Chau was investigated by Ang (2006) for 4 years from 1996 to 
2000. S. hemiphyllum exhibited rapid growth and attained maximum size and 
reproduction later in the season than the other three species. Chan (2002) reported 
intra-specific difference in the seasonality of two populations of S. siliquastrum in two 
different depths at Long Lok Shui, Tung Ping Chau Island. Information about the 
seasonal growth and reproduction pattern of Sargassum in other parts of Hong Kong 
is still scarce. Another research studied the phenology of S. henslownian and its 
epiphytes in Long Ke Wan during 1998-1999 (Lee, 2000). Since then, neither 
detailed seasonality record of other Sargassum species at the southern part of Hong 
Kong nor comparative study between populations in the north and south is available. 
From a previous field observation (Ang, 2003 personal observation), some Sargassum 
thalli at Tai Tarn Wan were found to persist and remained healthy while in the same 
period, most of their northern counterparts had died-back or degenerated. Such 
finding leads to a hypothesis that "There might be a delay in timing of die-back event 
in southern Sargassum populations in Hong Kong" or “Sargassum populations in 
southern part of Hong Kong exhibit a delay in seasonal phenological cycle when 
compared to populations in the north". Yet, no detailed study has been carried out to 
verify this observation. This has also given rise to an interesting question on 
whether there is any difference in seasonality patterns between the populations of 
Sargassum in different localities or along a latitudinal gradient from north to south 
within Hong Kong water. Intra-specific differentiation in maturation seasonality 
among S. horneri populations distributed within a small spatial scale of <60 km has 
been reported in Hiroshima Bay, Japan. It is then possible to find similar 
differentiation in Hong Kong populations, even though Hong Kong (22°15TSI, 
114°10'E) is a small place with no more than one degree difference in latitude and 50 
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km in distance between its northern and southern boundaries. Hong Kong 
hydrographic conditions are also quite complicated so that other environmental 
factors may influence algal reproductive seasonality. Investigating the seasonality 
pattern of Sargassum populations within Hong Kong waters may provide some 
insights into the inter-relation between Sargassum population dynamics and the 
environmental factors affecting such dynamics. 
1.3 Photosynthesis of Seaweeds 
Like all terrestrial plants, seaweeds possess photosynthetic pigments such as 
chlorophylls a, b, c, fucoxanthin, phycobilins and peridinin hence, are also able to 
carry out photosynthesis in which solar energy is converted into chemical energy. 
This light-dependent biological process is of prime importance to the seaweed itself in 
terms of energy acquisition to support growth and development. This explains why 
the distribution of seaweeds is restricted to the euphotic zone where sunlight can reach. 
Photosynthesis of seaweed also plays a vital ecological role in biomass production for 
the coastal ecosystem and acts as an important sink for carbon dioxide. 
1.3.1. Photosynthesis - Ecophysiological Indicator for Seasonality 
The seasonal patterns of photosynthetic performance of macroalgae have been 
studied intensively in long term culture experiments (e.g. Weykam & Wiencke, 1996; 
Weykam et al, 1997; Gomez & Wiencke，1997; Liider et al., 2001) and in the field 
(e.g. Gutkowski & Maleszewiski，1989; Drew & Hastings, 1992; Gomez et al., 1995). 
The knowledge about seasonality in photosynthesis of seaweeds is fundamental for a 
better understanding of the mechanism of their seasonal growth and development. 
Different life stages may have different levels of energy requirement thus various 
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adaptative strategies to variation in photosynthetic performance have evolved. The 
seasonal photosynthetic performance of macroalgae is strongly related to the life 
history strategy of the individual species. For example, the photosynthetic activities 
of Undaria pinnatifida, a well documented invasive Japanese kelp, were widely found 
to follow a general trend with mature reproductive plants exhibiting maximum 
photosynthetic rates during winter growth phase and lower photosynthetic rates 
during summer senescence (Matsuyama, 1983; Wu et al., 1984; Oh & Koh, 1996). 
There were also reported differences in photosynthesis between gametophytes and 
sporophytes of Laminariales and Desmarestiales (Fain & Murray, 1982; Novaczek, 
1984; Gomez & Wiencke, 1996; Kurashima et aL, 1996) and between developmental 
stages of sporophytes (Sakanishi et al.’ 1988; Gomez & Wiencke, 1996) with higher 
rates of photosynthesis in morphologically less complex younger stages of 
development. Besides representative studies from the group of Phaeophyceae, 
seasonal variations of photosynthesis in relationship to growth and development were 
also reported for green algae such as Ulva rigida (Ulvaceae, Chlorophyta) in a 
Mediterranean coastal lagoon (Filit, 1995) and Caulper spp. (Bryosidales, 
Chlorophyta) from the Gulf of Mexico (Robledo & Freile-Pelegiln, 2005). Filit 
(1995) showed that the maximum photosynthetic oxygen production of Ulva rigida 
occurred in summer during the period of optimum growth, suggesting a strong 
relationship between photosynthesis and growth of this species. Maximum 
photosynthetic rates of some species of Caulerpa (e.g. C. mexicana, and C. 
paspaloides) were generally observed during cold season when light intensity and 
temperature are lower, coinciding with the peak in reserve storage of carbohydrate 
level during the same period (Robledo & Freile-Pelegrm, 2005). Palmaria decipens 
(Palmariales, Rhodophyta), one of the most common Antarctic red algae, also 
12 
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seasonal optima in photosynthetic rate and maximum photosynthetic efficiency a 
under spring condition when growth is maximal (Weykam & Wiencke, 1996; Liider et 
al., 2001). Given that many studies have shown the strong correlation between 
photosynthesis and growth of seaweeds, photosynthesis is considered as a good 
eco-physiological indicator to explain the seasonality of growth and development in 
seaweeds as well as the differentiation in seasonality among seaweed populations. 
1.3.2. Photosynthesis in Different Parts of Seaweeds 
For a better understanding of energy acquisition for the growth and development 
of seaweeds, more detailed studies to investigate photosynthesis at different parts of 
the plants have to be conducted. Like many other plants, some seaweeds undergo 
thallus differentiation to form different specialized tissue parts with different functions 
as they develop. Such tissue differentiation has been shown in large brown algae 
such as Laminaria, Macrocystis and Sargassum which basically have a holdfast for 
substratum attachment, a stipe in which main branch or axis is formed, blade or 
“leaves，’ produced from the lateral branches, vesicles (in Macrocystis and Sargassum 
only) for buoyancy support and receptacles as the reproductive structure produced 
during the fertile season. Not only can this functional specialization of tissue in 
different thallus parts be observed morphologically, it can also be categorized in terms 
of their physiological properties. Laminaria, an economically very important genus 
of kelp, is characterized by high photosynthetic rates on a dry weight basis and by 
high carboxylating activity in the non-growing distal regions compared to the basal 
meristemic region (Kiippers & Kremer, 1978). In contrast to Laminaria, 
Himantothallus grandifoliu (Drew & Hastings, 1992), which is 
macro-morphologically similar to Laminaria, exhibits comparable rates of 
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photosynthesis in all parts of the plant. On the other hand, in Ascoserira mirabilis 
(Gomez et ai, 1995), another species with similar macro-morphology to Laminaria, 
the rates of light carbon fixation increase like in Laminaria from the basal to the distal 
parts of the blade. But opposite to the situation in Laminaria, light independent 
carbon fixation is highest in the distal thallus parts of A. mirabilis (Gomez et al., 
1995). Differential photosynthetic performances in different parts of seaweeds can 
also be a result of development during reproduction. Brenchley et al. (1997) 
demonstrated differences in photosynthetic capacities between vegetative and 
reproductive tissues of two intertidal flicoid seaweeds, Fucus serratus and Himathali 
elongate, during maturation period. In the fertile plants, the maximum 
photosynthetic capacities of reproductive tissue of the iteroparous Fucus serratus is 
50% lower, while that for the semelparous Himathali elongate is three times higher 
than that of the vegetative tissue. The differentiation in photosynthetic performances 
with respect to functional specializations of different seaweed species could be highly 
dependent on seasonal changes in their physiological status such as growth and 
development, as well as the life history strategy of individual species. 
The information on photosynthesis in different parts of Sargassum plants remains 
limited. Gao and Umezaki (1989a); and Gao (1991) studied differences in 
photosynthesis in various parts of Sargassum thunbergii and S, horneri in Japan and 
reported the highest light-saturated photosynthetic rates to be associated with the 
"leaves" of both species. In contrast, the light-saturated photosynthesis and apparent 
photosynthetic rates were significantly greater in receptacles than in "leaves" of 
Hizikia fusiformis (= Sargassum fusiforme) in South China Sea (Zou & Gao, 2005). 
However, not much effort has been extended to examine this aspect of other species of 
Sargassum in other regions. 
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1.3.3. New Methodology to Study Photosynthesis 
In most of the traditional studies, photosynthetic rates of macroalgae were 
determined by oxygen evolution and carbon assimilation in an enclosed chamber. 
There are several draw-backs of this approach in eco-physiological studies, which 
include destructive removal of the studied plants from the habitat, enclosure of the 
plants within containing chamber or bottle and time-consuming experimental process. 
Now, a new technique called the Pulse Amplitude Modulation (PAM) method has 
been introduced for the study of photosynthesis based on the application of 
chlorophyll fluorescence measurement (Schreiber et al., 1986). This new technique 
allows the instantaneous in-situ measurement of photosynthetic activities with a 
non-destructive approach in the field environment. The fluorescence measured by 
the PAM technique is emitted from chlorophyll a Photosystem II (PS II) reaction 
centers. It reflects the efficiency of photochemical energy conversion of PS II 
reaction centers, thus indicating the efficiency of light utilization during the process of 
photosynthesis (Krause & Weis，1991). Detailed information regarding the principle 
of PAM measurement is further discussed in Chapter 3 of this thesis. A more recent 
and advanced instrument, the diving PAM fluorometer, can be employed for 
underwater measurement, so that in situ measurement of photosynthesis of subtidal 
species is now possible. The diving PAM has been applied in photosynthetic 
measurements of ascidians (sea-house) containing Prochloron as photosymbiont 
(Schreiber et al., 1997), corals (Beer et al,, 1998a; Winters et al., 2006), sponges 
(Beer & Ilan, 1998), phytoplankton (Jakob et al., 2005).seagrass communities (Beer et 
al., 1998b) and seaweeds (Beer et al” 2000; Hader et al., 2001). Most of the studies 
related to PAM measurement of seaweeds focus on assessment of photosynthetic 
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response under stresses, such as strong photo synthetically active radiation (PAR) and 
UV radiation (Hanelt et al., 1992, 1993; Hader et al., 2001) or desiccation during 
exposure at low tide (Huppertz et al.，1990) which could cause photoinhibition. 
PAM measurement has yet to be applied to investigate the seasonal variation of 
photo synthetic activities in different parts of seaweeds with respect to their life 
strategy for growth and development. 
1.4. Scope and Significance of this Research 
As a summary from the above literature review, different aspects of seasonality 
in growth and development of Sargassum spp. have been intensively studied in many 
localities around the world (Table 1.1). Both inter-specific and intra-specific 
differences in seasonality of growth and maturation among different populations of 
Sargassum distributed along a latitudinal gradient with a wide-range of spatial scale 
(>2000 km), small spatial scale (<60 km), or even at the same locality have been 
recorded. Inter-specific (Ang, 2006) and intra-specific (Chan, 2002) differentiations in 
the phenology of Sargassum spp. in Tung Ping Chau Marine Park, Hong Kong S.A.R., 
have also been documented. However, not much effort has been paid to study the 
populations in southern parts of Hong Kong. There is therefore a need to fill in this 
information gap, to thoroughly assess and compare the seasonality of Sargassum 
populations from different parts of Hong Kong with a special focus on whether 
phenological differentiation could be detected within such a small spatial scale (<50 
km). Information generated from this study could lead to further understanding of 
the population dynamics and ecological roles of Sargassum spp. in the coastal 
environment of Hong Kong. 
Besides, photosynthetic performance is one of the most important 
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eco-physiological indicators for growth and development in seaweeds. Most 
previous studies on photosynthesis of seaweeds employed traditional methods like the 
measurement of oxygen evolution or carbon assimilation, while application of PAM 
measurement, an advanced and new approach, remains relatively scarce. The 
relative ease by which this relatively new approach could be applied in a pioneering 
effort to examine seasonal variation of photosynthesis of Sargassum spp. in Hong 
Kong with respect to their seasonal growth and reproduction, and morpho-functional 
specialization of their different tissue parts points to the generation of supplementary 
information that could help better understand the eco-physiology of Sargassum 
populations. This in turn could provide an insight in explaining the phenological 
patterns observed in these populations. 
1.4.1. General Objectives 
This thesis research therefore, has the following objectives: 
1. To investigate the seasonal patterns of changes in the population structure, growth 
and reproduction of Sargassum spp. in Hong Kong 
a) along a spatial latitudinal gradient from north to south. 
b) along the vertical gradient in different water depths. 
2. To monitor the seasonal photo synthetic activities of Sargassum spp. with respect to 
their growth and development using the Pulse-Amplitude-Modulated (PAM) 
fluorometer. 
1.4.2. Study Organisms 
Two commonly found species of Sargassum were selected as target species in 
this study. Their detailed descriptions are as follows: 
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I.4.2J.Sargassum hemiphyllum (Turner) C. Agardh (Figure 1.2) 
This species belongs to subgenus Bactrophycus of the genus Sargassum. It is 
characterized by its "hemiphyllous blade" (linear and cuneiform leaves with truncated 
apex) and ramifying holdfast (Ajisaka et al., 1997). S. hemiphyllum is widely 
distributed along the coast of northwestern Pacific Ocean. It was reported from 
Japan, Korea, Mainland China, Hong Kong, Taiwan and Vietnam. Due to variation 
in its leaf and vesicle morphology among different populations from different regions, 
S. hemiphyllum is further classified into two varieties (Ajisaka et al,, 1997; Cheang et 
al., 2008). S. hemiphyllum var. chinense from Vietnam and China (including Hong 
Kong) has relatively larger basal primary leaves (42-54 mm). S. hemiphyllum var. 
hemiphyllum, mainly from Japan and Korea, has smaller basal primary leaves (15 
mm). The populations investigated in this study all belong to S. hemiphyllum var. 
chinense. It is the most commonly found Sargassum distributed from the low 
inter-tidal to shallow sub-tidal areas in Hong Kong. It was found in all the study 
sites distributed from north to south of Hong Kong in the present study. 
1.4.2.2 Sargassum siliquastrum (Turner) C. Agardh (Figure 1.3) 
This species belongs to the subgenus Bactrophycus of the genus Sargassum. 
Individuals of these species are characterized by their strong retro flex basal and 
secondary branches and lower leaves. The basal leaves are broad, with entire 
margins, while the margins of the middle leaves are serrated. Upper leaves are very 
narrow with deeper serrated margins. The petioles at the basal part of the axis 
exhibit a very peculiar zig-zag appearance. Male receptacles are more cylindrical 
and elongated while the female receptacles are shorter, flattened and rounded at apex 
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(Tseng & Lu, 1999; Tseng et al., 1985; Tseng, 1998). This species is widely 
distributed in Hong Kong as well as in mainland China, Korea and Japan. In some 
areas in Hong Kong like Lung Lok Shui (LLS) on Tung Ping Chau Island, it may be 
found from shallow subtidal area (-3m to -5m Chart Datum) to deeper subtidal at a 
depth of —10m C.D. S. siliquastrum can be found in three study sites in the present 
study, namely Lung Lok Shui (LLS), Lo Fu Ngan (LFN) and Clear Water Bay 
(CWB). -
1.4.3. Study sites 
There are totally seven study sites distributed on the eastern side of Hong Kong 
waters covering both the northeastern and southeastern coastal environments (Figure 
1.1). They are listed and described in more details below along a latitudinal gradient 
from north to south as follows: 
1.4.3.1 Long Lok Shui (LLS) (22°32' 374N, 114°25'821E): It is a rocky shore on the 
southeastern side of the Tung Ping Chau Island. A bed of dolomitic cherty siltstone 
extending southeast down into the sea for about 100m to a depth of 10m C.D. forming 
a very special geographical feature like a dragon skeleton wriggling and diving into 
the water. It is exposed to strong waters, waves and currents, especially during 
southeast monsoon in summer. The substratum is mainly composed of layers of 
sedimentary rocks, boulders and a large sandy area which separates the shallow and 
deep populations of Sargassum siliquastrum. A scattered bed of S. hemiphyllum is 
growing at its intertidal rocky area. 
1.4.3.2 Lung Yuen Tsui (LYT) (22°32,282N，114°25'919E): This is a supplementary 
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site for LLS in which Sargassum bed was declining in the second monitoring season 
(2006-2007) due to heavy grazing by sea urchins. It is just adjacent to LLS with 
only 300 m apart and thus shares similar environmental condition with LLS. The 
substratum supporting Sargassum is composed of layers of sedimentary rocks and 
boulders. A large bed of S. siliquastrum is found to extend from north to south for 
200 meters in parallel to the coast at the shallow regions (-3 to -6 m C.D.). Deep 
populations of S. siliquastrum and intertidal S. hemiphyllum are absent here. 
1.4.3.3 Lo Fu Ngan (LFN) (22°2r644N, 114°16'678E): It is a small rocky bay 
opposite to the Port Shelter Island in the Sai Kung area. The substratum at intertidal 
and shallow subtidal regions (0 to -4 m C.D.) is composed of big rocks and rubbles 
which provide attachment space for Sargassum. Beyond the depth of -4 m C.D. is a 
large bed of barren sand belt. A clear zonation is shown with S. hemiphyllum and S. 
siliqaustrum extensively colonizing the intertidal zone and subtidal area respectively 
with a mixed zone at the intermediate area between them. 
14.3.4 Lung Ha Wan (LHW) (22°18'561N, 114°18,091E): This is a calm bay with 
rocky substratum. S. hemiphyllum is found to be the dominant Sargassum in the area 
where patchily distributed S. patens and S. henslowianum also co-exist. S. 
siliquastrum is absent from this site. 
1.4,3,5 Clear Water Bay (CWB) (22�17’034N，114°17，034E): Clear Water Bay is one 
of the famous hot spots for swimming activities in Hong Kong. There are two sandy 
beaches designated for leisure swimming purpose and protected with shark prevention 
nets. Natural Sargassum bed is found at a protruding rocky spur in between the two 
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sandy beaches. The space available for seaweed attachment is limited due to the 
unstable displacement of sand from the beaches nearby. Occasional covering of the 
hard substratum by the sand could reduce the available space for the growth of 
Sargassum and thus restricting the plant distribution to near-shore area. Therefore, 
both S. hemiphyllum and S. siliquastmm only form scattered and patchy distribution 
and mix with other Sargassum spp. like S. patens, S. henslowianum and S. 
glaucesence at the shallow near-shore region. 
1.4.3.6 Tai Tarn Wan (TTW): This is a calm and sheltered bay located at the southern 
part of Hong Kong Island. It is the southern-most area among all the study sites. 
This bay could further be divided into two sites, separated by the Stanley Main Beach. 
These sites are closely adjacent to each other and were selected for the purpose of 
comparing the phenology of S. hemiphyllum at a micro spatial scale (200 m). 
1.4.5.6.1 Tai Tarn Wan (rocky shore) (TTW(rs)) (22n3'362N, 114°12，894E): It is a 
rocky shore at the northern side of Stanley Main Beach in Tai Tarn Wan. S. 
hemiphyllum is the only Sargassum present and forms "dense forest，，on the lower 
intertidal rocky substratum. 
1.4.3.6.2 Tai Tarn Wan (sea school) (TTW(ss)) (22°13'107N, 114°12'934E): This site 
is located 200 m south of TTW(rs) and at the water front just outside the Hong Kong 
Sea School. The substratum comprises of soft sand and scattered big rocks The 
site is dominated by S. hemiphyllum mixing with patches of S. henslowianum and S. 
patens at the intertidal area. 
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1.5 Organization of the Thesis 
This thesis consists of five chapters which are briefly summarized below: 
Chapter 1 - General Introduction 
This chapter gives a general idea and background on algal seasonality and 
photosynthesis. The overview of research works done on different aspects of 
seasonality and photosynthesis, covering marine macroalgae and Sargassum spp. in 
particular, is described. The rationale for carrying out this research project and the 
importance of Sargassum communities are explained. Brief descriptions of the study 
organisms, the study sites, and the objectives of this study are also given. 
Chapter 2 - Comparative Seasonality of Sargassum siliquastrum and S. hemiphyllum 
in Hong Kong S.A.R. 
This chapter presents information on the seasonal variations of growth, 
reproduction, density and population structure of different populations of S. 
siliquastrum and S, hemiphyllum distributed along both the latitudinal gradient from 
north to south in Hong Kong and the vertical gradient of different water depths in 
Tung Ping Chau Marine Park. Possible environmental factors accounting for the 
phenological and morphological differentiations among different populations are also 
discussed. 
Chapter 3 - Photosynthetic Activities of Sargassum siliquastrum and S. hemiphyllum 
in Hong Kong S.A.R. 
This chapter presents the PAM assessment of the photosynthetic performances of 
S. siliquastrum and S. hemiphyllum throughout their growing cycle, with special 
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attentions paid to seasonal variations in photosynthetic activities with respect to 
functional specialization of different tissue parts. Inter- and intra-specific 
comparisons of photosynthesis and their implications for the ecological roles of 
different species are also discussed. 
Chapter 4 - Tranplantation Experiments 
This chapter describes the background and results of the transplant experiments 
which were set in an attempt to explain the phenological and morphological 
differentiation among different populations observed. 
Chapter 5 - Summary and Conclusions 
This chapter gives an overall summary and draws conclusions on the major 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 1: General Introduction 
Source: http://www.biol.tsukuba.ac.ip/�inouve/ino/st/br/b pic.html 
Fig. 1.2 Photograph of Sargassum hemiphyllum. 
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Source: http://soruipc2.bio.mie-u.ac.ip/sourui photo/phaeo/voremoku.html 
Fig. 1.3 Photograph of Sargassum siliquastmm. 
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Chapter 2: Comparative Seasonality of Sargassum 
siliquastrum and S. hemiphyllum in Hong Kong S.A.R. 
II.1 Introduction 
In general, phenology and life-histories of algae are closely related to variations 
in their surrounding environment. Temperature and light are two of the most widely 
reported environmental factors causing seasonality in algae (Anderson & Bolton, 
1989; Llining & torn Dieck, 1989). The maximum growth of algae in the tropics 
generally occurs during periods of low water temperatures (Dawes et al.，1974; 
Mathieson & Dawes, 1974). Water temperature is one of the factors which 
determined the photosynthetic rate of algae, and thus, will consequently influence the 
growth of the algae (Mathieson & Dawes, 1974; Maggs & Guuiry, 1987). The 
seasonal growth of Eucheuma spp. in Florida, for example, was correlated with 
photosynthetic response, where maximum photosynthesis to respiration ratio occurred 
between 21-24°C (Mathieson & Dawes, 1974). Embryo development, in addition, 
is also affected by water temperature. The optimal temperature for embryo 
development of Sargassum spp. in Hawaii, for example, is 24°C (De Wreede, 1976). 
Seasonal changes in water temperature, thus, act as cues for growth and reproduction 
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in algae. Light also plays an important role in growth and reproduction of algae. 
High light intensity inhibits the growth of Euchema spp. in Florida (Daves et al., 1974) 
and Desmarestia firma in South Africa requires short-day conditions to initiate the 
fertility of gametophytes (Anderson & Bolton, 1989). 
It can be expected that the phenological characteristics of algae with wide range 
of spatial distribution can vary along latitudinal gradients with the associated variation 
in environmental factors such as daylength and temperature. Populations of 
Sargassum horneri, which are distributed along the entire coast of the temperate 
regions in Japan, also exhibited clear differentiation in seasonality with the 
populations at the southern part of Japan becoming mature in spring (Yoshida et al., 
1998), and the populations further north or at the northernmost of S. horneri 
distribution in Japan becoming mature in summer (Marui et al, 1981). The seasonal 
shift in S. horneri maturation along the Japanese coast is believed to be due to the 
temperature gradient of coastal water along the latitudinal range. Norton and 
Deysher (1989) studied the reproductive phenology of three populations of Sargassum 
muticum located on the west coast of United States (Friday Harbour, Washington - lat. 
48°33’N; Santa Barbara, California 一 lat. 34°25'N and La Jolla, California - lat. 
33°45’N) and discovered a marked tendency for the reproductive period of population 
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in more southerly localities to begin much earlier in the year. Transplantation of 
immature plants of S. muticum 2000 km from San Diego, California (lat. 33°45’N) to 
Bamfield, British Columbia (lat. 48°50'N) revealed that differences in reproductive 
phenology along latitudinal gradient were under the control of local environmental 
condition rather than physiological differences in plant found naturally at different 
latitudes. If this is the case, it can be predicted that Sargassum populations located at 
similar latitude or within same region with similar environmental conditions should 
share the same or similar phenology. Unexpectedly, variations in maturation 
seasonality of eight Sargassum horneri populations occupying coastal areas within the 
Hiroshima Bay, Japan within a small or micro geographical range of latitudinal 
difference were reported (Yoshida et al, 2004),^suggesting that external factors such 
as water temperature and daylength, that were similar in these places, were not the 
factors determining the reproductive phenology of these S. horneri populations. 
In Hong Kong, previous effort has been paid to study the phenology of 
Sargassum populations around Tung Ping Chau Island (Chan, 2002; Ang, 2006; Wong, 
2007) and Long Ke Wan (Lee, 2000). Information about the seasonal pattern of 
growth and reproduction of Sargassum populations in other part of Hong Kong was 
limited. Timing of die-back between southern and northern populations of 
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Sargassum in Hong Kong was observed to differ (Ang, 2003 personal observation), 
with some Sargassum thalli at Tai Tarn Wan found to remain healthy when most of 
their northern counterparts had died-back or degenerated within the same period. 
This field observation has not been further verified with more rigorous study but a 
hypothesis may be put forward to indicate the potential existence of such spatial 
variation in the phenology of Hong Kong Sargassum populations from the north to the 
south. In the present study, a comprehensive survey on seasonality of two common 
Sargassum species, S. hemiphyllum and S. Siliquastrum, covering their horizontal 
distribution range from north to south of Hong Kong and vertical depth range from 
shallow to deep waters was therefore conducted from September 2005 to June 2007 
with an aim to study the comparative seasonality of these two Sargassum species in 
Hong Kong. 
In this chapter, the phenological characteristics of two locally common 
Sargassum species, S. hemiphyllum and S. Siliquastrum^ and their relationship with 
various environmental parameters were examined. The results from this part of the 
study provide the baseline information on the seasonality of Sargassum and explain 
the needs for manipulative transplantation experiment to evaluate the differences in 
the seasonality of Sargassum population (Chapter 4). 
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II.2 Materials and Methods 
II.2.1 Study Sites 
This study was carried out in seven sites within Hong Kong territorial waters, 
including (from north to south) Lung Lok Shui (LLS), Lung Yuen Tsui (LYT), Lo Fu 
Ngam (LFN), Lung Ha Wan (LHW), Clear Water Bay (CWB), Tai Tarn Wan-rocky 
shore (TTW(rs)), Tai Tarn Wan-sea school (TTW(ss)). Refer to Chapter 1 and Fig. 
1.1 for detailed description of these study sites. In LLS (and later in LYT), a shallow 
(-2 m to -4 m C.D.) and a deep (-7 m to -9 m C.D.) populations of Sargassum 
siliquastrum were also examined and compared. 
II.2.2 Seasonal Variation in Size and Reproductive Status of Sargassum Plants 
The surveys to examine seasonal variation in the size and reproductive status of 
Sargassum siliquastrum and S. hemiphyllum in Hong Kong waters and in different 
depths in LLS were undertaken once every two weeks or monthly from September 
2005 to June 2007 except for the populations in LYT and LFN which were monitored 
starting from September 2006 and December 2005 respectively. A more detailed 
description of these two species is given in Chapter 1. For these two species, S. 
hemiphyllum is present in all sites surveyed, but not S. siliquastrum. This latter 
species is found only in LLS (LYT), LFN and CWB. Two sampling approaches, 
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namely "haphazard sampling" and "quadrat sampling", were adopted in monitoring 
seasonal growth and reproduction of these two species. 
For the "haphazard sampling", 100 individual plants from the population in each 
study site were selected haphazardly for the measurement of size and record of 
reproductive status. The size of the Sargassum plants was measured in-situ to the 
nearest mm from the base of the holdfast to the tip of the longest branch using a 
plastic ruler. A mean value of length and standard deviation were then calculated for 
all plants measured in each sampling. Individuals were counted as reproductive 
once the receptacles became visible on the branches. The reproductive status was 
quantified as the ratio between the number of reproductive plants and the total number 
of plants surveyed (100 for haphazard sampling), and expressed in percentage. 
For "quadrat sampling", similar procedures were conducted except for the use of 
a 0.5 X 0.5 m quadrat and only those individuals encountered within the quadrat were 
surveyed. In each sampling, eight quadrats were laid haphazardly on the Sargassum 
beds for both length measurement and reproductive status record. The calculation of 
mean length and percentage of reproductive plants for "quadrat sampling" approach 
was based on individual quadrat instead of pooling all surveyed plants from different 
quadrats together. The mean length and percentage of reproductive plants in each 
sampling were calculated by taking means of the “average length" and "percentage of 
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reproductive plants" from each of the eight quadrats used. The sample size n in this 
approach is 8 on the basis that eight quadrats were used. 
Both methods were found to generate results with similar seasonal trends either 
for size or reproductive status (Chan, 2002). However, each of the sampling 
approaches has its own drawbacks and advantages under different circumstances. 
Haphazard sampling has higher chance to over-estimate the mean length of the dense 
populations because the smaller individuals, which were easily hidden under the 
canopy of the larger ones, would tend to be under-sampled. Quadrat sampling, on 
the other hand, would include all the plants within the quadrat, thus would be better 
than haphazard sampling in terms of size estimation and population structure study. 
Nevertheless, when sampling is done in less dense population in which individuals are 
patchily or sparsely distributed, quadrat sampling may not be efficient as more 
number of quadrats will be needed to obtain a representative sample size of 
individuals around the area. This could be logistically unfeasible in the field. 
Haphazard sampling would then be a better alternative to sample the less dense and 
patchy populations. The chance for under-sampling of small individuals within less 
dense and patchy beds would be reduced with the decrease in canopy effect within the 
Sargassum bed. Based on this, "haphazard sampling" was employed for the survey 
of populations of Sargassum with low density, and scattered and patchy distribution 
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while "quadrat sampling" was carried out for populations with high density. Similar 
sampling approaches were adopted by Chan (2000) in a previous study. Only 
haphazard sampling was adopted for the survey of all S. hemiphyllum populations 
since the strong wave actions at the low intertidal habitat made quadrat sampling 
physically dangerous and logistically unfeasible. A summary of the sampling 
strategies for each population is provided in Table 2.1. 
11.2.3 Seasonal Variation in Growth Rates, Population Structures and Densities 
Growth rates (expressed as cm per day) were calculated as the difference in 
length between two consecutive measurements over time as follows: 
Mean length at T - mean length at t 
Growth rate = 
No. of days 
Where t'is the time of a new measurement immediately after t. 
Population structure was studied based on data obtained from the quadrat 
sampling only as there are suspected under-samplings of small individuals from the 
haphazard sampling. Thus, only the population structures of S. sliquastrum at both 
shallow and deep regions of LLS, LYT and LFN were studied and compared (Table 
2.1). Basically, the population structures of S. siliquastrum were presented by the 
relative frequency distribution (%) of sampled individuals in different size classes and 
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the reproductive status of each size class in each sampling. Twenty one size classes 
were designated, with the class intervals of 10 cm as follows: <10 cm; >10 to 20 cm; 
>20 to 30 cm; >30 to 40 cm; >40 to 50 cm; >50 to 60 cm; >60 to 70 cm; >70 to 80 cm; 
>80 to 90 cm; >90 to 100 cm; >100 to 110 cm; >110 to 120 cm; >120 to 130 cm; 
>130 to 140 cm; >140 to 150 cm; >150 to 160 cm; >160 to 170 cm; >170 to 180 cm; 
>180 to 190 cm; >190 to 200 cm and >200 cm. 
Densities of the Sargassum populations were obtained by counting the number of 
individual plants encountered in each quadrat, and calculated as number of individual 
plants per m . The mean density of each sampling is the average densities of the 
eight quadrats in each sampling. 
II.2.4 Comparisons between Populations of Sargassum spp. 
Intra-specific seasonal growth and reproduction of both Sargassum siliquastrum 
and S. hemiphyllum. were compared among different populations distributed along a 
latitudinal gradient from north to south of Hong Kong. In the case of S. siliquastrum, 
the population structure and densities were also compared among the study sites. 
The distributions of S. siliquastrum in LFN and CWB are mainly confined within 
the shallow (-2 m to -4 m C.D.) sub-tidal area. But in LLS, it is found in both shallow 
(-2 m. to -4 m C.D.) and deep (-7 m to -9 m C.D.) sub-tidal regions separated by a 
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sand belt. Seasonal changes in mean size, growth rates, reproduction status, 
population structures and densities were also compared intra-specifically between 
shallow and deep populations of S. siliquastrum in LLS. 
Other than intra-specific comparisons, inter-specific comparisons were also made 
for the seasonal variations in thallus length, percentage of reproductive individuals 
and growth rates between S. hemiphyllum and S. siliquastrum. 
II.2.5 Seasonal Changes in Environmental Parameters 
A range of environmental parameters at all the study sites were monitored and 
compared during the field surveys. The seawater temperature, salinity and dissolved 
oxygen content were measured in situ in triplicates using a portable multi-meter 
(Model 85, YSI Inc., USA). From September 2006 to June 2007, three sets of 250ml 
sea water samples were collected in plastic bottles from each of the study sites and 
brought back to the laboratory for analysis of NH3, NOx (NO2" and NOs^ ") and P04^" 
concentrations following the standard "SKALAR Methods". 
The relative wave exposure was calculated in terms of modified fetch (Boizard, 
2005) using the following equation and compared among all the study sites: 
I � ( c o s e,) • Fi] 
Modified Fetch (km)= 
I (cos e,) 
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where 61 = 0� ’ 45°L, 45�R 
Fi = distance along 0°, 45�L，45°R fetch lines (km) from the 
mid-point of a particular study site over the sea surface with 
no physical obstruction (land mass or island). 
Besides the above abiotic environmental parameters, density of the short-spinned 
sea-urchin Anthocidaris crassispina found in the S. siliquastrum habitats was also 
monitored in parallel with the quadrat survey of S. siliquastrum at LLS, LYT and LFN. 
The number of individual sea-urchins encountered within the quadrat was recorded 
for calculation of the mean sea-urchin density (individuals / m ) in each area. 
II.2.6 Statistical Analysis 
All statistical analyses were performed using SPSS 13.0 for Windows (SPSS Inc., 
USA). Kolmogorov-Smimov tests were employed to test for the normality of data 
distribution. Levene Median tests were performed to check the homogeneity of the 
variance of the data sets. To compare the change in length, mean percentage of 
reproductive plants, density at different sampling times over the study period, either 
parametric One-way ANOVA or non-parametric Kruskal-Wallis test was performed. 
The similarity among the size-class distributions of different populations was tested 
by Chi-square tests. 
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II.3 Results 
II.3.1 Seasonality of S. siliquastrum along the Latitudinal Gradient from North to 
South of Hong Kong 
11.3.1.1 Seasonal variation of mean thallus length 
The mean thallus length of S. siliquastrum from LLS, LYT, LFN and CWB 
showed strong and significant seasonal variation (Kruskal Wallis test: p < 0.001) over 
the study period (Figure 2.1). The seasonal variation patterns, however, were 
similar for the three populations of S. siliquastrum from LLS, LFN and CWB 
showing no clear differentiation in their timing of growth and die-back period in the 
first growing season from August 2005 to July 2006 (Figure 2.1a). There was also 
no significant difference in the maximum mean thallus length values recorded in 
January 2006 among the three populations (One-way ANOVA: p > 0.05). 
In the second growing season (August 2006 to June 2007), populations of S. 
siliquastrum at LFN and CWB exhibited similar phenological patterns of growth in 
mean thallus length. This is consistent with the patterns observed in the first 
growing season, although data for LFN population during the early growth phase 
(September to December) were not available. The LLS population, however, 
showed only a little growth and remained at a small mean size level of about 10 to 25 
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cm throughout the whole second growing secondary season. This was largely 
attributable to the impact of sea urchin grazing (see below Section IV.2.2.1). The 
population of S. siliquastrum at LYT was measured to provide supplementary data for 
the LLS population. It was treated as a substitute for the LLS population to 
represent the northern population in the phenological comparision of populations 
along the latitudinal gradient from north to south of Hong Kong. Same as the 
comparison among LLS, LFN and CWB populations in the first growing season, no 
significant differences，in terms of both the timing of phenological event or amplitude 
of the peak mean length, were observed among the three populations of S. 
siliquastrum from LYT, LFN and CWB in the second growing season (Figure 2.1). 
LYT population displayed a growth pattern that resembled those recorded in the first 
growing season at LLS, LFN and CWB. 
11.3.1.2 Seasonality in reproduction 
Seasonal variations in the reproductive status of S. siliquastrum at LLS, LYT, 
LFN and CWB over the study period were plotted in Figure 2.2. The reproductive 
status of the populations was indicated as the percentage of individuals encountered in 
the haphazard sampling. Basically, all the populations displayed two seasonal peaks 
in the percentage of reproductive plants during the sampling period. Spatial 
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comparison of the reproductive seasonality among the populations of S. siliquastrum 
from LLS, LFN and CWB revealed no significant differences in the timing and 
magnitude of their peak reproductive period in the first growing season (Figure 2.2). 
Although the data for LFN population did not cover the whole first growing season 
such that the timing of the initiation of reproductive period was not known, it was still 
obvious to note that the times for the majority of the populations to become 
reproductive among the three study sites matched closely in January 2006. At the 
peak reproductive period, 95 - 100% of the population from all three sampling sites 
were reproductive. The only small difference was that the reproductive period of 
LLS population lasted a bit longer (until May 2006) than the other two populations 
from LFN and CWB (both until March only). Yet, such difference was insignificant 
as this was simply due to a few individuals (6 - 4% of the population) at LLS that 
remained reproductive for a longer period than the others. 
In the second growing season, LLS population exhibited a much lower 
percentage of reproductive plants with a much delayed reproductive period when 
compared to the other three populations at LYT, LFN and CWB which showed similar 
pattern of reproductive seasonality (Figure 2.2). Despite having relatively higher 
proportion of plants (2-15%) being reproductive at LFN compared to LYT (2-7%) and 
CWB (1-4%) during the early months of the growing period from August to October 
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2006, the time for the initiation of reproduction was the same (August 2006) for the 
three populations. The percentage of reproductive plants at the three sites increased 
rapidly in November and December 2006, reaching about 90% in January and peaked 
in March 2007. Majority of the S. siliquastmm in the three populations were 
reproductive from January and March 2007. The S. siliquastrum populations at LYT, 
LFN and CWB had almost the same duration of reproductive period, from August 
2006 to May 2007 (June 2007 in LYT), in the second growing season. In contrast, 
no reproductive plants were recorded at LLS in 2006 at the beginning of second 
reproductive season. Emergence of reproductive plants was much delayed and 
started only in January 2007 when only 6 % of the population became reproductive. 
At its peak in February to April 2007, only about one third of the LLS population 
became reproductive. The reproductive season ended in June 2007 as in the 
population from LYT. The second reproductive season of LLS population was 
therefore much shorter in duration (January to June 2007). 
II. 3.1.3 Growth rates 
The growth rates, as indicated by change in length (cm) per unit time (day), of S. 
siliquastrum at LLS, LYT, LFN and CWB varied with time over the study period 
(Figure 2.3). As an indicator showing the rate of change in mean thallus length 
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(cm/day), the timing and magnitude of peak positive (increase in size) or negative 
(decrease in size) growth rates of S. siliquastrum from different sites were slightly 
different. 
In the first growing season, only the growth patterns of LLS and CWB 
populations were complete enough for a spatial comparison to be made. Both 
populations generally showed positive growth from September 2005 to January 2006 
although peak growth was recorded earlier in LLS. In the second growing season, S. 
siliquastrum at LYT, LFN and CWB shared the same period of continuous positive 
growth (September 2006 to January 2007), but a peak growth period was not obvious 
in LYT. In contrast, LLS population showed a much delayed, shorter and 
discontinuous positive growth period (November 2006, January to February 2007) 
with a much lower magnitude of growth rate as compared with those in the other three 
populations. 
11.3.1.4 Seasonal variations in mean density 
There were significant seasonal variations in the mean density of S. siliquastrum 
at LLS shallow and LFN (Kruskal Wallis Tests: p < 0.001)，and LYT (One-way 
ANOVA: p < 0.001) as shown in Figure 2.4. The monitoring at LLS covered the 
two growing seasons from September 2005 to June 2007. There were some degrees 
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of variation in mean density of LLS shallow population in the first growing season 
with a trough and peak being recorded in February 2006 and April 2006 respectively. 
However, such variation in pattern was not repeated in the second growing season. 
Instead, a general decreasing trend in mean density was observed in this season. 
The mean density data for LYT and LFN were available only in the second 
growing season. The mean densities of S. siliquastrum at both LYT and LFN 
exhibited similar variation patterns and were significantly greater than that of LLS 
shallow population all the time. 
There was no significant difference between the mean densities of both LYT 
and LFN populations over the study period (t-tests: p > 0.05) except for April 2007 
when peak mean density of LFN population, at 106.5 土 25.74 individuals / m ,^ was 
significantly higher (t-test: p < 0.001) than that of LYT. 
II.3.1.5 Population structure 
The S. siliquastrum population structures in LLS shallow (-2m to -4m C.D.), 
LYT and LFN are presented in Figures 2.5, 2.6 and 2.7. For the LLS shallow 
population in the first growing season (Figure 2.5), the size distribution of the 
sampled individuals with both categories of reproductive status showed an overall 
shifting from small (>10 to 70 cm) towards larger (>100 to 150 cm) size classes 
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between October 2005 to late January 2006, and then a reversed shift from large 
towards smaller size classes between February to May 2006. The largest size-class 
that the LLS shallow population could reach in the first growing season was >140 -
150 cm. The population structure of LLS shallow population then remained stably 
distributed among small size classes between May to August 2006. The 
reproductive individuals were recorded from October 2005 to February 2006. At the 
beginning of the sampling, there were already 40% of reproductive individuals 
occupying >30 to 70 cm size-classes in October 2005. The proportion of the 
reproductive plants gradually increased to 87% spreading into most of the size classes 
ranging from >10-20 cm to >140-150 cm in late January 2006. The dominance of 
the population structure shifted from 87% reproductive plant to 100% 
non-reproductive plant from late January to March 2006. 
The structure of LLS shallow population showed a different seasonal variation 
pattern in the second growing season (Figure 2.5). The size distributions were 
always different between the same month in the two growing seasons (Chi-square 
tests: p < 0.001，Table 2.1). Unlike in the first growing season, the size distribution 
was pre-dominated by small size classes for most of the time throughout the second 
growing season. There was no obvious shifting of size distribution from small to 
large size classes. The largest size class that the S. siliquastrum plants eventually 
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attained was >50-60 cm, yet only 1.3% of the population could reach this size range. 
Most of the other individuals remained small and fell into size classes between <10cm 
to >40-50cm. Reproductive individuals were first found in late January during the 
second growing season. Although the proportion of reproductive plants reached a 
peak value of 35% in March 2007, it was much lower than that of the previous season. 
Reproductive individuals were distributed within the size classes of >10 cm to 60 cm. 
The population structure data for both populations of LYT and LFN were only 
available for the second growing season from September 2006 to June 2007 (Figures 
2.6 and 2.7). The general trend in seasonal variation of population structure at the 
two sites was similar. Both populations exhibited a widespread of size distribution 
throughout the whole size-class spectrum during the time when they attained the 
maximum mean length in January and February 2007. The size distribution patterns 
of the two populations were statistically similar from January to March 2007 
(Chi-square test: p > 0.05, Table 2.3). 
There were, however, differences in the size-class distribution patterns between 
the two populations from September to December 2006, and from April to June 2007 
(Chi-square test: p < 0.05, Table 2.3). The differences in September 2006 were 
contributed by difference in the proportion of small size individuals with LYT 
population being dominated by size class >20-30cm and LFN population dominated 
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by size class >10-20cm. Although the ranges of size class distribution of both LYT 
and LFN populations were similar in October 2006, a slight difference (p < 0.05) was 
detected between the size class distribution due to higher dominance of small size 
class >10-20cm in LYT population. In November and December 2006, the 
population structure of S. siliquastrum at LYT displayed a stronger skewness towards 
the small-size class than LFN population with only a small proportion of LYT 
population being able to grow up to larger size classes (Figures 2.6 and 2.7). This 
led to a slower general growth of mean length of LYT population than the LFN 
population (Figure 2.3). The dissimilarities of size-distribution from April to June 
2007 were contributed by higher proportion of small size class individuals in LFN 
population. 
The proportion of the reproductive individuals in the LYT and LFN populations 
showed progressive increases from September 2006 to the maximum values of 84% 
and 90% in late January 2007 respectively. Most of the reproductive individuals of 
both LYT and LFN populations fell within size classes >30 cm, with a small 
proportion of them being below 30 cm during the reproductive period. The 
proportion of reproductive plants of both populations then decreased after February 
and March 2007. Some individuals remained reproductive until May 2007 in LYT, 
which was two months longer than that in LFN. These individuals mainly belonged 
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to size classes >30 cm to 60 cm. 
Comparison of the structure among the three populations revealed that they were 
significantly different from each other in their size distribution patterns for all months 
of sampling in the second growing season (Chi-square tests: p < 0.001，Table 2.3). 
On further statistical analysis, these differences were mainly contributed by the 
distinct size distribution patterns of LLS shallow population (Chi-square tests: p < 
0.001，Table 2.3). The LLS shallow population remained in small size-classes and 
showed lower degree of shifting towards larger size-classes throughout the second 
growing season (Figure 2.5). In contrast, LYT and LFN populations showed 
obvious shifts of size distributions from small to large size classes during positive 
growth and vice versa during die-back periods. 
The size distributions and proportion of reproductive individuals of LLS shallow 
population were also different from those of the other two populations. Some 
individuals of LLS shallow population became reproductive even when they were of a 
small size (in size-classes of >10-20 cm and >20-30 cm) while most of the 
reproductive individuals in LYT and LFN populations were larger than 30 cm. The 
proportion of reproductive individuals for LLS shallow population was much lower 
than that of the other two populations. 
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II.3.2 Seasonality of S. siliquastrum along the Vertical Gradient of Different 
Depths 
11.3.2.1 Seasonal variation of mean thallus length 
The mean thallus length of shallow (-2m to -4m C.D.) and deep (-7m to -9m 
C.D.) populations of S. siliquastrum at LLS showed strong seasonal variations over 
the study period (Kruskal Wallis test: p < 0.001) (Figure 2.8). Both populations 
showed two peaks of mean thallus length over the study period with peaks in the first 
growing season being higher than those in the second growing season. Both peaks 
of deep population were significantly higher than those of the shallow population 
(t-tests: p < 0.001). The overall phenological pattern of mean thallus length of 
shallow population was one month earlier in timing than that of deep population in the 
first growing season. The shallow population attained the maximum mean length 
one month in advance of the deep population. Yet, such difference in timing of 
phenological event was not recorded in the second growing season. 
11.3.2.2 Seasonality of reproduction 
Both shallow and deep populations of S. siliquastrum at LLS displayed 
significant seasonal variations in mean percentage of reproductive individuals over 
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the study period (Kruskal Wallis Tests: p < 0.001) (Figure 2.9). Consistent with the 
one-month delay in phenological pattern observed for mean thallus length (Figure 2.8) 
in the first growing season, the timing of reproductive season of deep population also 
lagged behind that of shallow population by approximately one month. The peak 
value of mean percentage of reproductive plants of LLS shallow population was 
higher than that of the LLS deep population although the difference was not 
statistically significant (t-test: p > 0.05). However, the peak mean percentage of 
reproductive plants of deep population in the second growing season was significantly 
higher than that of the shallow population (t-test: p < 0.001). Both populations had 
significantly lower proportion (t-test: p < 0.001) of reproductive plants recorded in the 
second growing season when compared to the previous season. 
11.3,2.3 Growth rates 
Similar to the results on mean thallus length, the phenological pattern of growth 
rates of shallow population of S. siliquastmm at LLS proceeded one-month earlier 
than that of the deep population in the first growing season (Figure 2.10). Yet, such 
phenological differentiation in growth pattern was not observed in the second growing 
season when both populations shared similar timing of positive growth. Both 
populations generally showed higher positive growth rates and longer period of 
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positive growth in the first growing season than in the second one. Deep population 
was growing better than shallow population in both seasons. 
11.3.2.4 Seasonal variations in mean density 
Both shallow (-2m to -4m C.D.) and deep (-7m to -9m C.D.) populations of S. 
siliquastrum showed significant seasonal variations in mean density (Kruskal Wallis 
tests: p < 0.001), as shown in Figure 2,11. The mean densities of the deep 
population were higher than those of the shallow population over the study period, 
except in April 2006. The seasonal variation pattern of mean density of the deep 
population was generally similar to that of the shallow population, except for a 
slightly one month delay in the timing of peak and trough values between the two 
populations. Compared to the shallow population which showed a seasonal peak in 
April 2006, the deep population reached its peak density one month later. 
The mean density of the shallow population did not increase significantly in the 
second growing season since its dropped from the peak in April 2006, whereas that of 
the deep population increased significantly after the trough value recorded in March 
2006. In general, both populations showed a declining trend in mean density over 
the study period. 
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11.3.2.5 Population structure 
The seasonal variation of population structure of LLS shallow population over 
the study period has been described in Section III. 1.5 (Figure 2.5). For the deep 
population (Figure 2.12), there was a shift in the size distribution pattern from small 
to larger size-classes between October 2005 and February 2006 in the first growing 
season. This shift was in the opposite direction, from larger to smaller size classes, 
between February and May 2006. The largest size-class that the deep population 
attained was >190 - 200 cm. The population structure of deep population then 
remained stable, with even distribution of individuals among the small size classes of 
>10 to 40 cm from May to August 2006. 
The reproductive plants were recorded in the deep population between 
November 2005 and April 2006. The earliest occurrence of reproductive plants in 
deep population was recorded in November 2005 when 6.36% of the population were 
reproductive. The reproductive individuals were mainly distributed among size 
classes between >40 to 80 cm in November and December 2005, and then spread into 
larger size classes (> 100 to 200 cm) in January and February 2006. A high 74.6% 
of the plants became reproductive in February 2006 during the first growing season. 
When the size distribution shifted from larger to smaller size-classes after February 
2006, the proportion of reproductive plants also decreased gradually from the 
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maximum to 0% in May 2006. 
In the second growing season, the monthly size distributions of the deep 
population were significantly different from those of the corresponding month of the 
first growing season from October to February (Chi-square tests: p < 0.001，Table 
2.4), Unlike in the first growing season which showed a clear shift from smaller to 
larger size classes during this period, the sizes of the plants in the second growing 
season stayed more or less within the small size classes under >40-50 cm from 
September to December 2006 and started to shift to larger size classes only after 
December 2006. As shifting in size class distribution of the population is an 
indication of growth, there is a delay of at least three months in this shift in the second 
growing season. The size distribution of deep S. siliquastrum population gradually 
shifted from size classes under >40-50 cm to larger size classes, mainly up to size 
class >70-80 cm, with a small proportion (about 6%) of individuals spreading into 
size classes >80 cm between December 2006 and February 2007. The largest size 
class attained by the plants in the second growing season was >130-140 cm. The 
size distribution of the deep population shifted to smaller size classes again between 
February and June 2007. 
The first appearance of reproductive plants from the deep population in the 
second growing season occurred in early January 2007 when 9.3% of the sampled 
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population were reproductive. The proportion of reproductive plants increased to the 
maximum of 63.2% and spread into a wide spectrum of size classes (>30 to 140 cm) 
between January and February 2007. Most of the reproductive individuals belonged 
to the size classes of >30-40 cm or above. However, a small proportion (<5%) of 
reproductive plants could be as small as >10-20 cm. The proportion of reproductive 
plants dropped from the maximum in February 2007 and disappeared totally in June 
2007. 
Between October 2005 and February 2006, the shifting pattern of size 
distribution of both reproductive and non-reproductive plants from small to larger size 
classes within the LLS shallow population was half to one month in advance of the 
LLS deep population. The variation in the percentage and the shift in the size of the 
reproductive plants in shallow population over time were also occurring in advance of 
the deep population during the same period (Figures 2.5 and 2.12). The variation 
patterns were consistent for mean thallus length, percentage of reproductive plant and 
growth rates, all showing that the deep population lagged behind the shallow 
population in the timing of these phenological events. 
During the die back period, both populations decreased in mean size and showed 
shifting of size distribution back to smaller size classes after attaining the maximum 
mean size. Although this shift to small size started earlier in March 2006 in the 
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shallow population, the structures of both the shallow and deep populations became 
similar (Chi-square Tests: p > 0.05) again in April 2006 (Table 2.5). Between April 
2006 and December 2006, no significant differences were detected between the size 
distributions of both populations (Chi-square Tests: p > 0.05, Table 2.5) since 
individuals of both populations were mainly distributed in small size classes within 
the interval of >0 to 30cm. 
Significant differences between the shallow and deep populations were recorded 
again between January and May 2007 (Chi-square Tests: p < 0.001，Table 2.5) in the 
second growing season. However, difference in the timing of size-distribution shift, 
recorded in the first growing season between the two populations, was not observed. 
Both populations started to shift to larger size classes in January 2007. Deep 
population showed a greater size-distribution spread than the shallow population. 
More individuals in deep population were able to grow up and become reproductive 
than the shallow population in the second growing season (Figures 2.5 and 2.12). 
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II.3.3 Seasonality of S. hemiphyllum along the Latitudinal Gradient from North to 
South of Hong Kong 
11.3,3,1 Seasonal variation of mean thallus length 
All six populations (LLS, LFN, LHW, CWB, TTW(rs) and TTW(ss) ) of S. 
hemiphyllum distributed along the latitudinal gradient from North to South of Hong 
Kong showed significant seasonal variations in their mean thallus length (Kruskal 
Wallis tests: p < 0.001) over the study period (Figure 2.13). However, their 
phenological patterns were consistent. They all exhibited similar variation patterns 
of mean length in the two growing seasons with the second peak mean length values 
recorded for most populations being higher than those in the first growing season. 
The two populations at TTW were able to grow up to a peak mean length > 200 cm, 
which was significantly higher (One-way ANOVA: p < 0.001) than that in the other 
four populations in both seasons. 
U.S. 3.2 Percentage of reproductive plants 
All six populations of S. hemiphyllum showed two completed reproductive 
seasons within the study period (Figure 2.14). However, the two southern 
populations at TTW showed slightly higher percentage of reproductive plants than the 
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other populations in both reproductive seasons. Nevertheless, all six populations 
shared similar timing and duration of the reproductive period. 
11.333 Growth rates 
The phenological patterns of growth rates were also similar among the six 
populations of S. hemiphyllum (Figure 2.15). All these populations were growing 
better in the second year as indicated by higher peak of their growth rates. Of 
notable difference, however, was that the two southern populations from TTW had 
relatively longer period of positive growth and generally higher growth rates than the 
other four more northern populations. 
II.3.4 Comparison of Seasonality between S. siliquastrum and S. hemiphyllum 
The two Sargassum spp. co-existed only at three of the six study sites, LLS, LFN 
and CWB, hence comparison of seasonal variations in their mean length, percentage 
of reproductive plant and growth rate could only be made among populations from 
these site (Figures 2.16, 2.17 and 2.18). The phenological patterns of growth of the 
two Sargassum species were not in phase with each other, that of S. siliquastrum 
being one to two months ahead of S. hemiphyllum. The three S. siliquastrum 
populations from LLS, LFN and CWB consistently reached their maximum mean 
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length in January 2006 in the first growing season while the S. hemiphyllum 
populations were still in the middle of active growth stage (Figure 2.16). The S. 
hemiphyllum populations reached their peak mean length in March 2006 when S. 
siliquastrum had already reached the die-back stage, shedding their laterals, resulting 
in the decrease in their mean length. Such time delay in phenological pattern of 
growth (i.e. change in mean length) between the two Sargassum species were also 
detected in the second growing season, the exception being the case in LLS where S. 
siliqaustrum population abnormally exhibited little growth in its mean length over this 
growing season. 
Besides the phenological patterns of growth, the seasonal variations in 
percentage of reproductive plants of the two Sargassum species were also not in phase 
with each other (Figure 2.17). The onset of the reproductive period of S 
siliquastrum took place earlier than that of S. hemiphyllum. For instance, the 
reproductive plant of S. siliquastrum at LLS and CWB started to appear in October 
2005 which was about four to five months earlier than that of S. hemiphyllum in the 
first growing season. The S. siliquastrum populations also attained the peak 
percentage of reproductive plant ahead of the S. hemiphyllum population at the three 
sites with a time difference of two to three months. The phenological differences in 
timing of reproductive period were consistently recorded in the second growing 
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season except at LLS where the S. siliquastrum population had a late reproductive 
period. This population also had relatively lower percentage of reproductive plant, 
compared with that in the first growing season, as well as with the other two S, 
siliquastrum populations at LFN and CWB. 
Phenological differences in the growth rates between the two Sargassum species 
were also detected (Figure 2.18). Again, the seasonal pattern of growth rates of S. 
hemiphyllum lagged behind that of S. siliquastrum by the same time difference as in 
the case of mean length and percentage of reproductive plant. 
II.3.5 Comparison of Environmental Parameters among Sites 
Bi-weekly to monthly data on sea water temperature, salinity, dissolved oxygen 
(DO), and nutrient concentrations (NH3, NOx and P04^") of the different study sites 
were collected (Figures 2.19 to 2.24). In general, there was no difference in the 
seasonal trend of sea water temperature measured at the shallow water region (-2 to -3 
m C.D.) among all sites (Figure 2.19). Notable however, was the difference in the 
sea water temperature between the LLS shallow (-2 to -4 m C.D.) and LLS deep (-7 to 
-9 m C.D.) during the summer time from June to September 2006, and June 2007. 
During these times, the sea water temperature at the shallow region was significantly 
higher than that of the deep region due to the natural occurrence of thermocline. 
66 . 
Chapter 2: Comparative Seasonality of Sargassum 
There was no temperature difference between the two regions during the other times 
of the monitoring. 
Seasonal variations of salinity at all the sites were generally similar, following a 
seasonal trend with higher salinity (-30 to 33 ppt) from October to April and lower 
salinity ( � 2 5 to 28 ppt) from May to September (Figure 2.20). The drop in salinity 
corresponded to the increase in rainfall during the wet season. 
The DO at all the sites did not display any distinctive seasonality but maximum 
DO tended to be recorded in the winter time when temperature was low (Figure 2.21). 
The DO decreased to low level in summer months. All the sites shared similar 
seasonal patterns of DO indicating that DO was not a differentiating environmental 
factor among the study sites. 
Data on seasonal variation of nutrient concentrations (NH3, NO* and P04^') in 
the seawater of all the study sites are available only for September 2006 to June 2007 
(Figures 2.22 to 2.24). All these nutrient concentrations showed no clear pattern of 
seasonal trends and fluctuated irregularly throughout the monitoring period. There 
was also no clear difference in the levels of these nutrients among the study sites. 
The relative wave exposure of all the study sites was calculated in terms of 
modified fetch (Figure 2.25). The modified fetch value of LLS (4.25 km) is the 
highest among the study sites. LFN, LHW and CWB have similar magnitude of 
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modified fetch which are of intermediate level among the study sites. The two sites 
within the embayment of Tai Tarn Wan have the lowest modified fetch. 
Sea urchin grazing is likely one of the most critical biological factors controlling 
the growth of Sargassum spp. Figure 2.26 provides information on the density of the 
sea urchin, Anthocidaris crassispina at LLS shallow, LLS deep, LYT and LFN 
recorded during the quadrat surveys. The results clearly indicated that the sea 
urchins were relatively rare or uncommon at LYT and LFN when compared to LLS. 
Sea urchins were only occasionally recorded at LYT and LFN within the surveyed 
quadrats with very low density 1 individual / m ). On the other hand, the sea 
urchins were frequently encountered at both shallow (-2 to -4 m C.D.) and deep water 
(-7 to -9 m C.D.) regions of LLS such that they were recorded almost always during 
every single census within the monitoring period, except in January, February and 
May 2000 at LLS deep region. The sea urchin densities at both water depths in LLS 
varied significantly (One-way ANOVA, p < 0.05) throughout the monitoring period. 
In general, the sea urchin density at the shallow water region of LLS was significantly 
higher (t-test: p < 0.01) than that of deep region. The sea urchin densities were also 
higher in the second than in the first growing seasons of S. siliquastrum. 
Of particular interest was that the sea urchin density at LLS shallow region 
suddenly rose from below a low level (< 5 individuals / m^) to high levels in August 
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(11.0 土 8.75 individuals / m^) and September (13.5 土 10.46 individuals / m^) 2006, 
indicating a bloom of its population. The sea urchin density at LLS shallow region 
decreased after September 2006 but stayed at the level of approximately 3 to 5 
individuals / m till the end of the monitoring period. The sea urchin density at LLS 
deep region also showed a gradual increase from August to November 2006, but the 
extent of this increase was far lower than that in LLS shallow region. 
II.4 Discussion 
II.4.1 Inter-specific Comparison on Sargassum Phenology 
There have been extensive studies on the phenology of Sargassum spp. in many 
places in both hemispheres. It was evident that different Sargassum species from 
various localities display different seasonal patterns of growth, reproduction, density 
change and population structure in relation to their local environmental conditions. 
Some Sargassum species reach peak abundance and reproduce during the colder 
months of the year (e.g. Tsuda 1972, De Wreede 1976，Trono & Tolentino 1993)， 
whereas others do so during periods with higher temperatures (Prince 1980, De 
Ruyter van Steveninck & Breeman 1987，Vuki & Price 1994, De Guimaraens & 
Coutinho 1996, Rogers 1997). Contrasting seasonal patterns in different species 
occurring in the same region (Prince 1980), or even at the same location 
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(Martin-Smith 1993), had also been reported. The results of the present study also 
revealed clear inter-specific differences in seasonal patterns of growth and 
reproduction between S. siliquastrum and S. hemiphyllum within Hong Kong waters. 
S. siliquastrum from all the sites generally attained peak length and reproduction in 
January and February, whereas S. hemiphyllum reached maximum mean length and 
reproduction in March and April. Such difference in seasonality between S. 
siliquastrum and S. hemiphyllum hsd also been previously recorded during a four year 
longer term monitoring in Tung Ping Chau, Hong Kong SAR (Ang 2006). 
Prince (1980) reported contrasting seasonal growth patterns between S. 
ptewpleuron (with peak growth in summer) and S. polyceratium (with peak growth in 
winter) from two geographically adjacent locations within the same region off the 
Atlantic coast of South Florida. This agreed with Conover's (1964) hypothesis of 
the presence of "summer" and "winter" plants in the subtropics. McCourt (1984) 
generalized that Sargassum populations in tropical areas are more abundant in winter 
whereas those in temperate areas are more abundant in the summer months. Under 
this classification scheme, S. siliquastrum in Hong Kong which attained its peak 
thallus length and reproduction in January and February, is a "winter" plant and 
follows the seasonal pattern of tropical species described by McCourt (1984). S. 
hemiphyllum in Hong Kong, on the other hand, showed maximum growth and peak 
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reproduction in spring time (March and April) and falls in between the two extremes 
of "summer" and "winter" plants. 
Sargassum tenerrimum, S. fissifolium and S. oligocystum on reefs at Magnetic 
Island, Queensland, Australia all showed peak biomass and length in summer 
(December - February), followed by a late summer peak in reproduction while S. 
linearifolium from the same locality had earlier peaks in both size (June - September) 
and reproduction (September - January) (Martin-Smith, 1993). The author 
attributed the difference to biological interactions such as competition and niche 
differentiation among the species. S. tenerrimum, S. fissifolium and S. oligocystum 
occurred in large mixed-species stands in the depth ranges of 4-6 m on coral rubbles. 
However, S. linearifolium was not found mixed with the other three species as it is 
found at a depth of 3-6 m in mono-specific stands on boulders. This could indicate 
that S. linearifolium is competitively excluded by the other three Sargassum species 
from the coral reefs, but is competitively dominant on boulders. The inter-specific 
differences among the phenology of these Sargassum species could therefore be 
indicative of such niche-differentiation at this particular locality. 
In the present study, the two target species in Hong Kong also occupied two 
different water depth zones respectively and exclusively {S. siliquastrum: -2 to -8 m 
C.D.; S. hemiphyllum: 0 to -1.5 m C.D.) at the same locality. This is an indication of 
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spatial niche differentiation. There does not seem to be much competition between 
the two species for space, yet possible competition for resources such as sunlight and 
nutrients could still exist if both species exhibit their peak growth and reproduction at 
the same time. The phenological differences in growth and reproduction between S. 
siliquastrum and S. hemiphyllum could be a result of temporal niche-differentiation so 
as to optimize the use of natural resources for both species that led ultimately to their 
co-existence at the same locality. Ang (2006) attributed phenological differences in 
the timing of die-back between S. siliquastrum (January to February) and S. 
hemiphyllum (April to May) in Hong Kong to their spatial distribution along the tidal 
gradient and the seasonal tidal action. The daytime lowest tide starts to occur in 
spring in Hong Kong. The die-back of S. hemiphyllum plants in late spring (April to 
May) could thus be correlated with the spring low tide when the plants were exposed 
to air during day time (Ang 2006). In contrast, S. siliquastrum is subtidal and started 
to die-back in mid winter (January to February). Thus, the seasonal change in tidal 
level may not be an important factor determining the phenological pattern of this 
species. 
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II.4.2 Intra-specific Comparison on Sargassum Phenology 
II.4.2.1 Comparison along regional scale (> 100 km) geographical range 
Intra-specific differentiations in seasonality of Sargassum species with wide 
range of distribution have been reported in previous studies (see Table 1.1 in Chapter 
1). The most widely studied Sargassum species is S. muticum owing to its 
invasiveness in North America and western Europe. Substantial variations in growth 
and reproductive phenology among populations of S. muticum from many of the 
invaded sites have been reported (e.g. Norway: Steen 1992; Denmark: Weinberg et al. 
2000; Britain: Deysher 1984; France: Plougueme et la. 2006; Spain: Arenas & 
Fernandez 1998, 2000’ Sanchez & Femindez 2005; Canada: De Wreede 1978; USA: 
Norton 1977，Gunnill 1980, Nicholson 1981, Deysher 1984, Norton & Deysher 1989; 
Mexico: Aguilar-Rosas & Galindo 1990) as well as from its native region in Japan 
(Deysher 1984). It has been suggested that temperature may be the most important 
environmental factor in bringing about seasonality in growth and reproduction of 
Sargassum plants (De Weede 1976). A general shift in peak reproductive output and 
growth of S. muticum from late Summer (August/September) to late spring or early 
summer (May/June) along the latitudinal gradient from north to south was observed at 
both coasts of western Europe and Pacific North America (see the literature review in 
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Chapter 1). This seasonal shift of growth and reproduction was commonly believed 
to be due to the existence of a temperature gradient in the coastal seawater along the 
latitudinal range. 
There were also other examples showing shifting trends in growth and 
reproductive phenology of Sargassum plants along the latitudinal gradient of their 
distribution in Asia. These include S, thunhergii (Japan: Nakamura et al. 1971, 
Umezaki 1974，Arai et al. 1985; South Korea: Koh et /a. 1993, Kim et al. 1998; China: 
Tseng 1962, Zheng & Chen 1993), S. horneri (Japan: Yoshida et al. 1998; South 
Korea: Kim et al. 1998) and S. fusiformis {Hizikia fusiforme) (Japan: Lee & KLamura 
1997, Nagato & Kawaguchi 2003; South Korea: Lee & Kamura 1997; China: Zou et 
al. 2006). Both S. fusiformis and S. thunhergii distributed along the coastal areas of 
western Pacific display similar trend in phenology shift along the latitudinal gradient 
with populations growing in the temperate and subtropical regions tending to reach 
peak growth and maturity earlier compared to those growing in higher latitude. 
Within its distribution range along the coastal area of Japan, S. horneri also exhibited 
clear pattern of latitudinal shift in seasonality. S. horneri became mature in spring at 
the southern part of Japan (Yoshida et al. 1998), while it matured later in summer in 
Hokkaido, northern Japan (Marui et al 1981). Similar to the case of S. muticum, it 
was assumed that the seasonal shift in maturation and growth of S. fusiformis, S. 
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thunhergii and S. horneri was associated with the latitudinal gradient of water 
temperature (Yoshida et al., 2004). 
The two target species in this study, S. siliquastrum and S. hemiphyllum found in 
Hong Kong, were also distributed in other temperate regions such as Japan and Korea. 
Clear differentiation in the timing of phenological events between the temperate 
population in Japan and subtropical population in Hong Kong can be observed. In 
Japan, S. siliquastrum attained its maximum size and became reproductive in spring 
(April to May) in Wasaka Bay (Yatsuya, 2005) when the seawater temperature was 
about 14 to 16°C. This temperature range is comparable to the winter temperature in 
Hong Kong when S. siliquastrum exhibited peak growth and reproduction (Chan, 
2002; Ang, 2006; and present study). The maximum length and peak reproduction 
of S. hemiphyllum in Obama Bay, Japan were marked in late spring (April to May) 
and summer (June) respectively (Umezaki, 1984). In Hong Kong, its peak growth 
and reproduction were recorded in spring (March to April) (Ang 2006; and present 
study). Again, the seawater temperatures at both regions during this comparable 
period were within similar range ( � 1 6 to 18�C). The shift in peak growth and 
reproductive period from winter {S. siliquastrum) / spring {S. hemiphyllum) in 
subtropical areas like Hong Kong to spring {S. siliquastrum) / summer {S. 
hemiphyllum) in temperate areas like Japan also indicates that seawater temperature 
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may be one of the most critical environmental factors in affecting the phenological 
patterns of S. siliquastrum and S. hemiphyllum. 
However, some contradictory findings do exist and showed the seasonal trend 
associated with shifting in phenology along latitudinal temperature gradient may not 
apply to some other Sargassum species. S. oligocystum is a species with distribution 
range in both northern (Philippines and USA) and southern (Australia) hemispheres 
across the equator (De Wreede, 1979; Martin-Smith, 1993). Interestingly, it displays 
the same phenology, with the time of length and reproductive maxima and minima 
coincided in both hemispheres (De Wreede 1976, Trono & Uuisma 1990, 
Martin-Smith 1992, 1993b). Temperatures during this period were contrastingly 
different between the two hemispheres. This indicates that temperature may not be 
the factor in regulating the seasonality of this species. On the other hand, 
Martin-Smith (1992) proposed that this may be due to an inherent genetic control of 
the plants. It may, however, even be possible that different species were actually 
involved in these studies. So far, distribution of S, siliquastrum and S. hemiphyllum 
is only known in the northern hemisphere. More information on intra-specific 
comparisons across the equator would be needed to further exhibit the critical role of 
temperature in determining the growth and reproductive seasonalities in Sargassum 
spp.. 
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II. 4.2.2 Comparison along meso-scale (<100 kms) geographical range 
As discussed above, the intra-specific differentiations of Sargassum phenology 
on a macro-spatial/geographical scale (> 100 kms) along the latitudinal gradient 
indicated the important role of environmental factors, particularly the seawater 
temperature, in shaping seasonality of Sargassum species. Based on this information, 
it is expected that populations of the same Sargassum species found in adjacent areas 
with similar environmental conditions would display similar phenological pattern of 
growth and reproduction. However, a recent finding in Japan has demonstrated that 
the seasonality of S. horneri maturation is more complex as populations with 
distinctively different maturation seasons (i.e. spring-fruiting type and 
autumn-fruiting type) coexisted in adjacent areas (Okuda, 1987; Yoshida et al,. 1998). 
Yoshida et al. ’s follow-up study (2004) has further revealed clear differentiation in the 
seasonality of growth and maturity among populations of S. horneri distributed within 
Hiroshima Bay and its adjacent areas within a small spatial range (<60 km). In this 
case, variations in ambient environmental conditions such as temperature and 
daylength, which were traditionally deemed to be the regulatory and triggering factors 
for seasonality of growth and reproduction (De Wreede 1976; Prince & O'Neal 1979; 
Luning & torn Dieck 1989; Hales & Fletcher 1990)，cannot account for the difference 
in seasonality as they are more or less similar within the Hiroshima Bay area. 
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Further transplantation study showed that seedlings of S. horneri populations with 
different maturation seasonality transferred to the same site kept their original 
seasonality. This indicated that the seasonality of different populations of S. horneri 
within Hiroshima Bay is an inherent characteristic, rather than a result of phenotypic 
plasticity that is influenced by ambient environmental conditions. Yoshida et al. 
(2004) considered this phenomenon as an ecotypic differentiation, defined as an 
adaptive response to the local environment based on genetic difference. 
Intra-specific differentiation in maturation and growth seasonality of Sargassum 
spp., like the case of S. horneri in the Hiroshima Bay, has rarely been documented 
among other Sargassum populations inhabiting adjacent areas. The present study 
made an attempt to investigate whether similar small-spatial scale intra-specific 
differentiations in phenology could also be detected among populations of S. 
hemiphyllum and S. siliquastrum in Hong Kong waters. 
11.4.2,2.] Comparison along meso—scale latitudinal gradient - S. siliquastrum 
The results of the present study revealed that there were generally no significant 
differences in the seasonality of growth and reproduction among shallow water 
populations of S. siliquastrum distributed along a meso-scale latitudinal gradient from 
north to south in Hong Kong. Phenological events, such as initiation of regeneration 
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from perennating holdfast, active growth, peak mean length, onset and peak of 
reproduction and die-back, associated with these populations were generally 
synchronized across sampling sites. The results do not support the hypothesis that 
“Sargassum populations in southern part of Hong Kong exhibit a delay in seasonal 
phenological cycle when compared to populations in the north" which was based on a 
previous field observation showing a longer persistence of Sargassum thalli in TTW 
(southern part of Hong Kong) (Ang, 2003, personal observation). On the other hand, 
the present results may be explained based on the theory of "environmental triggers" 
(De Wreede 1976; LUning & torn Dieck 1989) that populations within adjacent areas 
with similar environmental conditions would share similar patterns in phenology. In 
fact, all the sampling sites distributed along the meso-scale latitudinal gradient from 
north to south in Hong Kong shared similar seasonal variations of abiotic 
environmental conditions in terms of seawater temperature, salinity and dissolved 
oxygen. On the other hand, the levels of nutrients, including NH3, total nitrogen 
oxide, P O , concentrations, varied significantly without clear spatial or temporal 
patterns. A previous study has shown that nutrient concentrations around the habitat 
were not significantly correlated with the seasonal phenology of S, Siliquastmm in 
Hong Kong (Chan, 2002). It is possible that all the nutrient concentrations were 
saturated enough such that they were not the factor nor the resource limiting the 
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growth and reproduction of S. siliquastrum and S. hemiphyllum in Hong Kong. 
Another natural resource of particular importance to growth of Sargassum spp., 
sunlight, was not significantly different among the shallow water regions of all the 
sampling sites. Other detailed results on the photosynthetic performance of 
Sargassum from these sites are discussed in Chapter 3. 
In spite of the generally synchronized seasonality of S. siliquastrum populations 
from all the shallow sampling locations distributed along the meso-scale latitudinal 
gradient from north to south of Hong Kong, remarkable reduced growth and retarded 
reproduction of S. siliquastrum at LLS were observed in the second growing season 
(August 2006 to June 2007) as compared with the other southern populations and the 
LLS population in the first growing season. Interestingly, a population of S. 
siliquastrum at LYT, which is 300 m west from LLS, displayed a phenological pattern 
of growth and reproduction consistent with that of the populations of S. siliquastrum 
from other sites during the second growing season. Hence, the exceptional 
phenological patterns exhibited by the LLS shallow population during the second 
growing season should not be considered as an indication of phenological 
differentiation in growth and reproduction. Furthermore, there was also a significant 
drop in the densities of this population during the second growing season. These 
changes observed were likely to be a result of grazing pressure imposed by the 
80 
Chapter 2: Comparative Seasonality of Sargassum 
short-spined sea-urchin, Anthocidaris crassispina as a large increase in its abundance 
was noted at LLS during the same period. From historical record, a general trend of 
population decline of S. siliquastrum at LLS from 1999 to 2005 was also reported by 
Wong (2007) who attributed this population decline to the increase in sea urchin 
{Anthocidaris crassispina) density. Wong's review (2007) stated that the increase of 
sea urchin density from the range of 1.5 to 3.3 individuals / m between September 
and December in 2000 (Woo, 2000 unpublished data) to the range of 5.5 to 8.5 
individuals / m within the same period in 2005 (Lee, 2005 unpublished data) was 
related to the population decline in S. siliquastrum. The present quadrat surveys 
recorded the densities of the short-spined sea urchin to range from 5.5 to 13.5 
individuals / m at shallow region (-2m to -4m C.D.) and 3 to 5.5 individuals / m at 
the deeper region (-7m to -9m CD) between September and December 2006. This 
significant increase in the sea urchin population could have exerted intense feeding 
pressure on S. siliquastrum as these urchins were found to graze primarily on 
Sargassum spp. in gut content analysis (Yatsuya and Nakahara, 2004). The effect of 
sea urchins on the population decline of Sargassum has also been shown in other 
studies (McClanahan eL a I 1996, Thibaut et. al 2005)，indicating that sea urchin 
grazing was one of the most important factors causing the reduction in Sargassum 
standing crop. Dethier et al. (2005) demonstrated the negative impacts of sea urchin 
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herbivory on the growth and reproductive output of Fucus gardneri under laboratory 
manipulated condition. Sea urchin herbivory was found to impact the reproduction 
of macroalgae by either directly consuming the reproductive tissue of the plants or 
indirectly creating energy allocation trade-off for chemical defense. Grazing can 
induce the production of herbivore-deterrent phlorotannin, which has been widely 
recognized as a chemical defense commonly found in seaweeds, leading to a shift of 
energy allocation for herbivory defence. Reduced reproductive output and delay in 
the timing of reproduction are the immediate result of stress due to herbivory (Dethier 
et al, 2005). It is possible that S. siliquastrum at LLS could have allocated more 
resources for the chemical defense against herbivory, leading to its limited growth and 
the delay in its reproductive period observed during the present surveys. 
In contrast to the situation in LLS, sea-urchins were only occasionally recorded 
from other sites during the quadrat surveys. Therefore, reduced growth and retarded 
reproduction driven by biotic factors, such as grazing by sea-urchins, were not 
observed. 
11.4.2.2.2 Comparison along meso—scale latitudinal gradient - S. hemiphyllum 
No phenological differences in the growth and reproduction among the S. 
hemiphyllum populations distributed along the latitudinal gradient from north to south 
82 
Chapter 2: Comparative Seasonality of Sargassum 
in Hong Kong were observed during the present studies. However, a notable 
morphological difference in the maximum thallus length was recorded between the S. 
hemipyllum populations in TTW and the rest of the northern populations. The two 
TTW populations could reach a maximum thallus length larger than 200 cm, which is 
significantly greater than that of the other four northern populations (80 to 150 cm). 
The spatial variability in morphology of Sargassum spp. and its relationship with the 
surrounding environment have been well studied (e.g. De Puala and Oliveira Filho, 
1982; Engelen et al., 2005; Kumari et aL, 2006). Kumari et al (2006) attributed the 
significant morphological differences in both the cellular and modular development of 
cultured and natural plants of S. tenerrimum, after cutting treatment, to differences in 
the levels of nutrients available from the surrounding waters. Morphological 
differences in plant size, appearance of receptacles and vesicles between populations 
of S. cymosum from the sheltered and exposed sites were regarded as an adaptation of 
the plants to the degree of wave exposure (De Puala and Oliveira Filho, 1982). The 
effects of wave action and depth on S. polyceratium were investigated by Engelen et 
al. (2005), who reported that individuals situated at more exposed and deeper sites 
tend to grow up to larger size. 
In this present study, nutrient availability did not seem to be the determining 
factor for morphological difference observed among the S. hemiphyllum populations 
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in Hong Kong as there was no distinctive pattern of difference in nutrient 
concentrations between TTW and the other northern study sites. However, there 
were significant variations in the degree of wave exposure among the study sites, as 
denoted by the calculated modified fetch, which could possibly explain the 
morphological difference in maximum thallus length among S. hemiphyllum 
populations reported from the present surveys. The modified fetches of the two 
coastal sites within the embayment of TTW were the lowest whereas that of LLS was 
the highest among the study sites. Those in LFN, LHW and CWB were of 
intermediate values (Figure 2.25). It can be assumed that the relative wave exposure 
is proportional to the degree of modified fetch. The two sites within the embayment 
of Tai Tarn Wan, TTW(rs) and TTW(ss), were therefore under the lowest effect of 
wave exposure. Morphological changes in seaweeds experiencing heavy waves and 
surge have been reported (Norton et al 1981; Norton, 1991). Macroaglae growing 
in exposed locations are typically smaller, thicker, more strongly branched or have 
larger holdfasts than those growing in sheltered area with calmer waters (Norton, 
1991; Hurd, 2000). The general trend of decreasing thallus size of S. cymosum with 
increasing wave exposure was observed by De Paula and Oliveira Filho (1982). At 
the exposed area, strong waves would pose mechanical and hydrodynamic drag to 
seaweed with large thallus causing possible lateral loss or breakage (Blanchette, 1997). 
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Shorter, stunted plants with low vegetative biomass would bear the physical 
advantage of creating less mechanical resistance against strong wave or surfs, thus 
preventing dislodgment from the substratum. As a consequence, exposed 
environment tends to limit the inhabiting seaweeds to smaller size with shorter thallus 
length. There have been alternative arguments about the physiological and 
ecological consequences of wave exposure on seaweeds. Wheeler (1980; 1988) 
stated that nutrient and gas diffusion across the diffusion boundary layer would be 
limited in calm and sheltered environment with low wave action, inferring that 
exposed condition could be more favourable to seaweed growth. Such alternative 
argument, however, does not apply to S. hemiphyllum populations under the present 
study which tend to grow to larger size with longer thallus length at sheltered sites (i.e. 
TTW(rs) and TTW(ss)). It was possible that the basic requirement for nutrient and 
gaseous exchange of S. hemiphyllum was not limited by the sheltered conditions at the 
two TTW sites or that wave actions within these sites were high enough to maintain a 
concentration gradient across the diffusion boundary layer on the surface of the 
seaweeds. The spatial variability in morphology of macroalgae could be due to 
either phenotypic plasticity resulting from environmental heterogeneity, or ecotypic 
differentiation inherently determined by genetic makeup. To confirm whether which 
of these mechanisms may be at work for S. hemiphyllum, a manipulative reciprocal 
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transplant experiment was undertaken (Chapter 4) to resolve the issue. 
With relatively larger maximum thallus size, S. hemiphyllum at the two TTW 
sites also tended to take longer time to degenerate during the die-back period. The 
rate of Sargassum degeneration during the die-back period was related to the 
abundance of epiphytes and wave action (Ang, 1986). Epiphytes were commonly 
observed on the surface of degenerating S. hemiphyllum during the die-back period in 
all the study sites. Hence, epiphyte is unlikely the differentiating factor determining 
the rates of senescence. However, greater wave action at the exposed site did 
contribute to a faster degeneration rate of the annual vegetative laterals. The 
relatively calmer condition at the sheltered area of TTW should have contributed to 
the slower rate of senescence, thus allowing the decaying vegetative thalli of S. 
hemiphyllum to persist longer. 
The effect of biotic sea-urchin grazing on S. hemiphyllum was not as obvious as 
in the case of S. siliquastrum at LLS, although occasional record of sea-urchins were 
made in the S. hemiphyllum bed. With relatively stronger wave action at the shallow 
intertidal habitat of S. hemiphyllum, it would not be easy for sea-urchins to get hold 
onto the substratum as the chance for them to be dislodged by continuously moving 
Sargassum fronds or to be washed away by strong waves is probably high. 
Therefore, individuals of sea-urchin were mostly found hiding in crevices between 
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boulders or in subtidal region just below the S, hemiphyllum bed. Sea-urchins were 
therefore not an important factor to explain the morphological differences found 
among populations of S. hemiphyllum in the present study. 
II.4.2.2.3 Comparison along vertical depth gradient - S. siliquastrum 
The synchronized pattern of seasonal growth and reproduction among S. 
siliquastrum populations distributed along the latitudinal gradient from north to south 
of Hong Kong was not observed between the shallow (-2 m to -4 m C.D.) and deep 
(-7 m to -9 m C.D.) populations at LLS separated physically by a sandy bed. 
Previous studies had shown that Sargassum spp. growing on the subtidal region tend 
to regenerate earlier and more rapidly (Edgar, 1983), and possessed longer thalli and 
greater biomass production (Largo et al. 1994) when compared to those in the 
intertidal region. Other studies demonstrated that subtidal Sargassum populations 
exhibit an earlier peak of fertility (Hurtado & Ragaza, 1999) and longer duration of 
reproductive period (Vuki and Price, 1993) than the intertidal or shallower 
populations. It is commonly believed that the intertidal or shallow Sargassum spp. 
experience prolonged emersion during low-tide, resulting in greater desiccation effect 
and/or higher exposure to more violent wave action or water turbulence that lead to 
mechanical tearing of their thalli (Largo et al. 1994; Hurtado & Ragaza, 1999). 
87 
Chapter 2: Comparative Seasonality of Sargassum 
These resulted in diminished growth, and ultimately a lower and delayed reproductive 
output. 
In the present study, the shallow population of S. siliquastrum displayed higher 
reproductive output but lower vegetative growth than the deep population in the first 
growing season. This partly agrees with the findings of previous studies (Largo et al. 
1994; Vuki and Price, 1993). The shallow S. siliquastrum population at LLS was not 
directly affected by emergence during low tide since the plants were all subtidal. 
However, these plants could still experience photo-inhibition (see Chapter 3) induced 
by strong solar radiation at low tide when the thalli canopy tended to become very 
close to the surface. Photo-inhibition of Sargassum plants has been documented in a 
number of previous studies {S. vulgare: Haeder et al, 2001; S. nutans: Schofield et al. 
1998; S. horneri: Gao, 1990; S. glaucescens: Hanelt, 1992). It has generally been 
shown that the extent of photo-inhibition on exposed or intertidal Sargassum spp. was 
relatively low when compared with that of other macroalgae. These Sargassum 
plants were also able to tolerate high irradiance by recovering from noon-time 
photo-inhibition. Hanelt (1992) pointed out that the differential patterns of 
photo-inhibition among different macrophytes are closely related to their zonation in 
the coastal area. The exclusion of subtidal S. siliquastrum from the intertidal zone or 
even the limitation on the thallus length of shallow S, siliqaustrum population may be 
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a result of their inability to tolerate excessive irradiance at intertidal or shallow water 
In terms of the timing of phenological event, the growth and reproduction of 
shallow LLS S. siliquastrum was one month in advance of its deep water counterpart 
during the first growing season of the monitoring period. Such phenological 
differentiation between deep and shallow S. siliquastrum was also reflected in the 
shift of their population structural patterns. Similar results were obtained earlier 
when comparing the general phenology between S. siliquastrum populations from the 
deep and shallow regions (Chan, 2002). In this earlier work though, the structures of 
the two populations were not compared. The monitoring results at LLS suggest a 
difference in the growth strategy between the shallow and deep water populations of S. 
siliquastrum. This involved an earlier shifting of sizes from smaller to larger size 
classes and an earlier onset of reproduction in shallow water population. In the 
shallow water region, with a relatively lower stand density than the deep population, 
the shallow S, siliquastrum was likely under less pressure from intra-specific 
competition. Therefore, it would be easier for them to grow to adult stage and be 
ready to reproduce. The effect of photo-inhibition also makes it unnecessary to 
invest much energy on the development of upright axes. This allows more energy 
allocation for reproduction, leading to an earlier onset of reproductive period. In the 
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deep water region where stand density was higher and solar irradiance was lower, it 
would probably be of competitive advantage to invest more on thallus elongation and 
blade development to maximize, as far as possible, the light-capturing ability. This 
explains the higher but a bit delayed peak of average thallus length in deep population. 
Pressure from competition induced by high stand density could be a hindering factor 
delaying the onset of vegetative growth and reproduction. Energy allocation to 
vegetative growth would be favoured and thus delaying the onset of reproduction. 
To further' investigate the phenological differentiation between the two 
populations along the depth gradient, a manipulative reciprocal transplant experiment 
has been undertaken (Chapter 4) to provide supplementary information on the effect 
of depth on the phenology of S, sliquastrum. 
Phenological differentiation in the pattern of growth and reproduction between 
the two populations along the depth gradient observed during the first growing season 
did not repeat itself in the second growing season. Both the vegetative growth and 
the reproductive output of the shallow population became considerably lower than 
those of the deep population, without clear differences in their timing, in the second 
growing season. As indicated above, sea-urchin grazing during this period seriously 
affected the growth of these populations. The sea urchin densities recorded at both 
the shallow and the deep regions during the second growing season were significantly 
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higher than those in the first growing season, with the densities at shallow region 
being generally higher than that at the deep region throughout the whole monitoring 
period. The shallow population of S. siliqaustrum was therefore likely subjected to a 
greater impact of sea urchin grazing than the deep water population. 
II.5 Summary 
The results of the present study indicated the presence of inter-specific 
differentiations in phenological patterns of growth and reproduction between S. 
siliquastrum and S. hemiphyllum in Hong Kong, with the former species displaying 
the phenological cycle two months earlier than the latter. Such phenological 
differences between the two Sargassum species are possible indication of temporal 
niche-differentiation on top of their spatial niche-differentiation along a gradient of 
water depth to optimize their co-existence at the same locality. 
Intra-specific differentiations in phenology among populations with regional 
scale (>100 kms) geographical range (e.g. temperate population in Japan v.s. tropical 
population in Hong Kong) were also noted for both S. silquastrum and S. 
hemiphyllum, and some other Sargassum spp. as well. Together with the evidence 
from other relevant studies, it can be stated that the shift in the timing of growth and 
reproduction of Sargassum along the regional-scale latitudinal gradient is determined 
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by seawater temperature. Exceptional examples, however, do exist (e.g. S. 
oligocystum). 
The present findings revealed no intra-specific differentiation of phenological 
growth and reproduction among the populations of both S. siliquastrum and S. 
hemiphyllum distributed along the meso-scale latitudinal gradient from north to south 
of Hong Kong during the first growing season (August 2005 to July 2006). However, 
environmental factors such as herbivore grazing and wave exposure were apparently 
causing phenological and morphological differences among the populations of S. 
siliquastrum and S. hemiphyllum respectively. Grazing by short-spined sea-urchin 
{Anthocidaris crassispina) drastically altered the phenology of S. siliquastrm in LLS 
during the second growing season (August 2006 to June 2007), resulting in reduced 
growth and retarded reproductive output as compared with populations from the other 
study sites where sea-urchins were rarely encountered. The relatively sheltered and 
calm TTW embayment area (TTW(rs) and TTW(ss)) allowed the existence of 
morphologically longer S. hemiphyllum thalli. 
A clear phenological differentiation between the LLS shallow (-2 m to -4 m C.D.) 
and deep (-7 m to -9 m C.D.) populations of S. siliquastrum was recorded during the 
first growing season with phenological events of the shallow S. siliquastrum taking 
place ahead of the deep population. Shallow populations tend to display shorter 
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thallus length but higher reproductive output than the deep population. These 
findings suggest a difference in the growth strategy adapted by the two populations 
along the depth gradient in response to different levels of irradiance and stand 
densities exhibited by the two populations. 
In light of the phenological differences {S, siliquastrum) and morphological 
variations {S. hemiphyllum) observed, manipulative reciprocal transplant experiments 
are proposed (Chapter 4) to further study the hypothetical explanation suggested in 
this chapter. 
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Table 2.1 Sampling strategies adopted to study Sargassum hemiphyllum and 
Sargassum siliquastrum populations from different sites. Details of these 
strategies are described in Section II.2 of Materials and Methods. NA = not 
applicable as the species concerned was not found in that particular site. 
Site Sargassum hemiphyllum Sargassum siliquastrum 




Shallow: Haphazard (n=100) 
Quadrat (n=8) 
Deep: Quadrat (n=8) 
Lung Yuen Tsui 
(LYT) 
NA Quadrat (n = 8) 
Lo Fu Ngam Haphazard Haphazard (n= 100) 
(LFN) (11=100) Quadrat (n=8) 
Lung Ha Wan Haphazard 
NA 
(LHW) (n=100) 
Clear Water Bay Haphazard Haphazard 
(CWB) (n=100) (n= 100) 
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Table 2.2 Comparison between population structures of LLS Shallow (-2m to -4m 
C.D.) population of S. siliquastrum in the 广 growing season (August 2005 
to July 2006) and the 2"d growing season (August 2006 to June 2007). 
(Chi-square Test, with %, df and p value given). 
LLS Shallow (-2m to -4m C.D.) 
Time growing season (Aug 05 to Jul 06) 
vs 
2nd growing season (Aug 06 to Jun 07) 
October 
X= 61.127 
d f = 2 
p < 0.001 
November 
x= 125.23 
d f = 3 
p < 0.001 
December 
x= 118.068 
d f = 5 










p < 0.001 
February 
x= 83.903 
d f = 4 
p < 0.001 
March 
x= 23.183 
d f = 4 
p < 0.001 
April 
38.206 
d f = 3 
p < 0.001 
May 
X=40.204 
d f = 2 
p < 0.001 
June 
x= 34.130 
d f = 3 
p < 0.001 
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Table 2.3 Comparison among population structures of LLS Shallow (-2m to -4m 
C.D.), LYT and LFN populations of S. siliquastrum from September 2006 
to June 2007. (Chi-square Test, with x，df and p value given). 




p < 0.001 
X= 52.126, 
d f = 2 
p < 0.001 
X= 8.513, 
df= 1 
p < 0.05 
X= 48.67, 
d f=2 




p < 0.001 
x= 56.234, 
d f = 3 
p < 0.001 
X= 80.954, 
d f=3 
p < 0.001 
x= 13.596, 
df=3 




p < 0.001 
x= 133.684, 
df=7 
p < 0.001 
x= 454.886, 
df= 10 
p < 0.001 
X= 93.504, 
df=7 







p < 0.001 
x= 85.744, • 
df= 10 
p < 0.001 
X= 61.57， 
df= 10 





p < 0.001 
x= 119.154, 
df= 10 
p < 0.001 
x= 108.117, 
df= 10 
p < 0.001 
x= 22.929, 
df= 10 





p < 0.001 
x= 117.700, 
df= 10 
p < 0.001 
x= 128.714, 
df= 10 
p < 0.001 
X= 14.808, 
df= 10 




p < 0.001 
x= 99.039, 
df= 10 
p < 0.001 
111.014， 
df= 10 
p < 0.001 
X= 14.808, 
df= 10 




p < 0.001 
x= 68.071, 
df= 10 
p < 0.001 
1= 83.594, 
df=9 
p < 0.001 
X= 10.65, 
df= 10 




p < 0.001 
1= 73.377, 
d f = 7 
p < 0.001 
1= 5.859, 
d f = 2 
p < 0.05 
X= 135.114, 
d f = 7 




d f = 8 
p < 0.001 
x= 5.165, 
df=4 
p < 0.05 
X= 80.494， 
df=2 
p < 0.001 
x= 85.741, 
df=4 




p < 0.001 
X= 5.442， 
df=3 
p < 0.05 
x= 4.005, 
df=2 
p < 0.05 
x= 21.539, 
df=3 
p < 0.001 
Note: * LLS here refers to LLS Shallow (-2m to -4m C.D.) population. 
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Table 2.4 Comparison between population structures of LLS Deep (-7m to -9m 
C.D.) population of S. siliquastrum in the 1 growing season (August 2005 
to July 2006) and the 2"'' growing season (August 2006 to June 2007). 
(Chi-square Test, with ；^，df and p value given). 
LLS Deep (-7m to -9m C.D.) 
Time 
growing season (Aug 05 to Jul 06) 
vs 
growing season (Aug 06 to Jun 07) 
October 
X= 59.626 
d f = 3 
p < 0.001 
November 
x= 135,119 
d f = 3 
p < 0.001 
December 
50.593 
d f = 4 




d f = 8 








d f = 9 
p < 0.001 
March 
x= 15.999 
d f = 7 
p > 0.05 
April 
X=5.61 
d f = 5 
p > 0.05 
May 
X= 69.379 
d f = 3 
p > 0.05 
June 
X=1.28x 10"' 
d f= 1 
p > 0.05 
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Table 2.5 Comparison of population structures between LLS Shallow (-2m to -4m 
C.D.) and LLS Deep (-7m to -9m) populations of S. siliquastrum 
throughout the study period (Chi-square Test, with x，df and p value 
given). 
First growing season Second growing season 
Sept 2005 / Sept 2006 X= 0.554, df= 1, p > 0.05 
Oct 2005 25.673, df= 3, 
p < 0.001 Oct 2006 
X= 0.554, df= 1， 
p > 0.05 
Nov 2005 x= 17.7213, df= 3, 
p < 0.001 Nov 2006 
X= 4.138, df= 1， 
p > 0.05 
Dec 2005 x= 25.672, df=5, 
p < 0.001 Dec 2006 
n.959, d f = l , 
p > 0.05 
Early 
Jan 2006 
x= 8.744, df=5, 
p < 0.001 
Early 
Jan 2007 
X= 86.088, d f= 3, 







34.97, d f=3 , 
p < 0.001 
Feb 2006 x= 46.418, d f = 9 , 
p < 0.001 Feb 2007 
x= 49.723, d f= 3, 
p < 0.001 
Mar 2006 x= 21.427, d f = 7 , p > 0.05 Mar 2007 
x= 26.935，df= 6, 
p < 0.001 
Apr 2006 X= 2.717, d f = 3 ， p > 0.05 Apr 2007 
x= 46.379, df=5, 
p < 0.001 
May 2006 X= 8.485, d f= 1, p > 0.05 May 2007 
1= 4.36, d f = 3 , 
p < 0.05 
Jun 2006 X= 2.395, d f= 1， p > 0.05 Jun 2007 
1= 55.362, d f=2 , 
p < 0.001 
Jul 2006 X二 0.232, d f = l , p > 0.05 Jul 2007 / 









































































































































































































































































































































































































































































































































































































































































































































































































































Kruskal Wallis Tests: 
LLS Shallow (-2m to -4m C.D.) 
LFN 
One-way .47VOK4 Test: 
LYT 
Time 
Chi-square = 98.038，df=24,p < 0.001 
Chi-square = 59.170，df= 14，p< 0.001 
F =4.404，df=10,/7< 0.001 
Fig. 2.4 Sargassum siliquastrum: Seasonal variations in mean (士 SD) density (no. 
of individual per m^) of the population from LLS Shallow (-2in to -4m 
C.D.), LYT and LFN in the quadrat survey. Kruskal Wallis tests (with 
Chi-square value and df given) were used to evaluate seasonal variations in 
mean densities of LLS Shallow and LFN populations while One-way 
ANOVA test (with F value and df given) was used to evaluate that of LYT 
population over the study period. 
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Early Jan 2007 
n=96 
Late Jan 2007 
n=89 













一 糊 S C O 磁 弼 运 妄 薛 多 
Non-reproductive 
Reproductive 
珊 冊 雜 滞 帮 棚 髓 額 琴 等 琴 觀 。 職 议 纖 灘 r 。 職 议 耀 機 继 A 
Size class (cm) 
Fig. 2.6 Sargassum siliquastrum: Size class-frequency distributions of 
individuals from the population of LYT in quadrat survey of the 2"� 
Growing Season (from Sept-06 to Jun-07). n indicates the total 
number of individuals in each sampling. 
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Fig. 2.7 Sargassum siliquastrum: Size class-frequency distributions of 
individuals from the population of LFN in quadrat survey of the 
Growing Season (from Sept-06 to Jun-07). n indicates the total 






Early Jan 2007 
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Shallow (-2m to -4m C.D.) 一 Chi-square = 173.943, df=26,p< 0.001 
-0— Deep (-7m to -9m C.D.) 一 Chi-square = 172.905, df = 26, p< 0.001 
O O Q J
 










o ® Q / 二
 r 
Time 
Fig. 2.8 Sargassum siliquastrum: Seasonal variations in mean (土 SD) plant 
length (cm) of the populations from Shallow (-2m to -4m C.D.) and 
Deep (-7in to -9m C.D.) regions of LLS sampled by quadrat survey. 
Kruskal Wallis tests (with Chi-square value and df given) were used to 
evaluate significant variations in mean plant length over the study 
period. 
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2006 2007 
Time 
— S h a l l o w (-3m to -4m C.D) 
Chi-square = 159.736，df = 26, p < 0.001 
—O— Deep (-6m to -8m C.D.) 
Chi-square = 190.123, df = 26，p < 0.001 
Fig. 2.9 Sargassum siJiquastrum: Seasonal variations in mean (土 SD) percentage 
(%) of reproductive plants of the populations from Shallow (-2m to -4m 
C.D.) and Deep (-7m to -9ni C.D.) regions of LLS sampled by quadrat 
survey. Kruskal Wallis tests (with Chi-square value and df given) were 
used to evaluate significant variations in mean percentage of reproductive 
plants over the study period. 
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Fig. 2.10 Sargassum sUiquastrum: Seasonal variations in growth rates (cm per 
day) of the populations from Shallow (-2m to -4m C.D.) and Deep 
(-7m to -9m C.D.) regions ofLLS sampled by quadrat survey. 
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Fig. 2.11 Sargassum siliquastrum: Seasonal variations in mean (土 SD) density 
(no. of individual per m ) of the populations from A) Shallow (-2m to 
-4m C.D.) and B) Deep (-7m to -9m C.D.) regions of LLS sampled by 
quadrat survey. Kruskal Wallis tests (with Chi-square value and df 
given) were used to evaluate significant variations in mean density 
over the study period. 
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Chi square = 2012.96, d f=21 , /><0 .001 
Chi square = 2380.459，df= 26, p< 0.001 
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A)LLS 
260 




Chi square = 1928.759, df = 21, p < 0.001 
C)LHW 




( E 3 >
 £ } 6 u d J
 u e a i A l 
F)TTW(ss) 
Chi square = 2012.96, d f = 2 1 , 
p < 0.001 
I i s 
2005 
. c S 4 I I I 身 = 寻 I i 8 i s I £ I I 身=I 
2006 2007 
Time 
Sargassum hemiphyllum: Seasonal variations in mean (土 SD) plant 
length (cm) of the populations from A) LLS, B) LFN, C) LHW, D) 
CWB, E) TTW(rs) and F) TTW(ss) surveyed by haphazard sampling. 
Kruskal Wallis tests (with Chi-square value and df given) were used to 















Fig. 2.14 Sargassum hemiphyllumi Seasonal variations in percentage of 
reproductive individuals (%) of the populations from A) LLS, B) LFN, 
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Fig. 2.15 Sargassum hemiphyllum: Seasonal variations in growth rates (cm per 
day) of the populations from A) LLS, B) LFN, C) LHW, D) CWB, E) 
TTW(rs) and F) TTW(ss) surveyed by haphazard sampling. 
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Fig. 2.16 
Time 
Comparison between the seasonal variations in mean (士 SD) thallus 
length (cm) of S. hemiphyllum and S. siliquastrum in the different 
study sites. Note S. siliquastrum not found in all sites. 
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Fig. 2.17 Comparison between the seasonal variations in percentage of 
reproductive plants of S. hemiphyllum and S. siliquastrum in the 
different study sites. Note S. siliquastrum not found in all sites. 
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Fig. 2.18 Comparison between the seasonal variations in growth rates (cm per 
day) of S. hemiphyllum and S. siliquastrum in the different study sites. 
Note S. siliquastrum not found in all sites. 
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Fig. 2.19 Seasonal variations in mean sea water temperature (°C) at the different 
study sites. 
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Fig. 2.20 Seasonal variations in mean salinity (ppt) of the sea water at the 
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Fig. 2.21 Seasonal variations in mean (士 SD) level of dissolved oxygen (DO 
mg/1) of the seawater at the different study sites. 
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Fig. 2.22 Seasonal variation in mean concentration (mg/1) of NH3 in the 
seawater samples from the different study sites. 
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Fig. 2.23 Seasonal variations in mean concentration (mg/1) of total nitrogen 
oxides NOx in the seawater samples from the different study sites. 
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Fig. 2.24 Seasonal variations in mean concentration (mg/1) of PO4 _ in the 
seawater samples from the different study sites. 
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CAPE D' AGUILAR 
Study Site LLS LFN LHW CWB TTW(rs) TTW(ss) 
Modified 
Fetch (km) 4.25 2.52 2.56 2.85 1.64 1.93 
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Fig. 2.26 The mean (土SD) density (individual per m^) of short-spinned 
sea-urchin Anihocidaris crassispina from the quadrat survey at the S. 
siliquastrum habitats. 
124 
Chapter 2: Comparative Seasonality of Sargassum 
"M
 M
 ^ ^ 5
 0 
( a J T O n b s
 J 9 J 8 U J
 j山d
 p u ! )
 A J I W U 山 a 
( ① j e n b s j e j a t u
 J o d
 p u ! )
 X j ! s u e a 
I
 E -
_ — ^ ^ . I — 
Lp 
I — 
( a j e n b s
 j s j a t u
 j a d
 p u ! )
 A j j s u 山 a
 ( a l e n b s 」 9 1 8 0 1
 J ^ d
 p u ! )
 X i ! s u 山 a 
Chapter 3: Photosynthesis of Sargassum 
Chapter 3: Photosynthetic Activities oi Sargassum 
siliquastrum and S. hemiphyllum in Hong Kong S.A.R. 
III. 1 Introduction 
Photosynthesis is the primary energy capturing process in which all the 
physiological developments of the photosynthetic organism rely on. There is a 
strong tie between photosynthetic activities and physiological processes such as 
vegetative growth and reproduction. Seaweeds showing strong seasonality pattern 
of growth and reproduction, like Sargassum, are therefore expected to exhibit 
seasonal levels of photosynthetic activity corresponding to the different levels of 
energy required at different stages of their life history. 
Examples demonstrating the link between photosynthesis and phenology of 
seaweeds are well documented (e.g. Matsuyama, 1983; Filit, 1995; Weykam & 
Wiencke 1996; Luder et al. 2001; Robledo & Freile-Pelegrm，2005). Studies on 
photosynthesis of Sargassum plants have also examined the differential 
photosynthetic characteristics associated with different parts of the thallus (Gao & 
Umezaki, 1988a, b; 1989a; Gao, 1991; Zou & Gao, 2005), diurnal photosynthetic 
performance throughout the day (Gao & Umezaki, 1989b, c; Gao, 1989) and 
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photo-inhibition (Gao, 1990; Hanelt et aL, 1992; Schofield et al 1998; Haeder et al, 
2001). However, little is known about the seasonal variations in photosynthesis of 
Sargassum plants (Prince, 1980; Gao, 1990b). 
Traditionally, photosynthetic activities of macroalgae were determined by 
measuring oxygen evolution and carbon dioxide assimilation in an enclosed 
gas-volumeter. Recently, Pulse Amplitude Modulated (PAM) fluorometry, an 
advanced technique for measuring photosynthetic activity of macroalgae based on the 
application of chlorophyll fluorescence measurement (Schreiber et al. 1986) has 
become very popular. This technique allows in-situ measurement of photosynthesis 
in the field. Photosynthesis involves reactions at five functional levels, namely: 
processes at the pigment level, primary light reactions, thylakoid electron transport 
reactions, dark-enzymatic stroma reactions and slow regulatory feedback processes. 
In principle, chlorophyll fluorescence can function as an indicator at all these levels of 
the photosynthetic process. Chlorophyll is the major antenna pigment, funneling the 
absorbed light energy into the reaction centers, where photochemical conversion of 
the excitation energy takes place. The indicator function of chlorophyll fluorescence 
arises from the fact that fluorescence emission is complementary to the alternative 
pathways of de-excitation, i.e. photochemistry and heat dissipation. In general, 
fluorescence yield is highest when the yields of photochemistry and heat dissipation 
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are lowest. Hence, changes in fluorescence yield reflect changes in photochemical 
efficiency and heat dissipation. 
In practice, PAM fluorometer applies pulse-modulated measuring light for 
selective detection of chlorophyll fluorescence yield. The actual measurement of the 
photosynthetic yield is carried out by application of one saturating light pulse which 
briefly suppresses photochemical yield to zero and induces maximal fluorescence 
yield (Fm，). The effective quantum yield of photosystem II can be measured in light 
as AF/F m where AF is Fm’ less the normal fluorescence yield, F, at the saturating 
irradiance (Genty et al, 1989). 
Due to the advancement of fiber-optic technology, the portable underwater 
fluorometer, Diving-PAM, has been developed with special attention to the quick and 
reliable assessment of effective quantum yield of photochemical energy conversion in 
photosynthesis. With the diving-PAM, it has become possible for the first time to 
extend the study of in situ photosynthesis into the underwater world. This has 
opened a completely new field of ecophysiological research, including the 
examination of subtidal coral and macroalgal photosynthetic activities. 
This study aimed at evaluating the seasonal variations of photosynthesis of 
Sargassum hemiphyllum and S. siliquastrum in Hong Kong with respect to their 
seasonal growth and reproduction, and morpho-functional specialization of different 
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parts of the thallus utilizing the submersible diving PAM. It is hoped that the 
application of this new approach would provide more information for better 
understanding of the eco-physiology of Sargassum plants. 
III.2 Materials and Methods 
III.2.1 Seasonal Variation in Photosynthetic Activities of Sargassum spp. (Field 
Monitoring) 
The monitoring of seasonal photosynthetic activities of both S. siliquastrum 
and S, hemiphyllum was conducted in the field in parallel with the monitoring of their 
mean thallus length and reproductive status from September 2005 to June 2007 
(Chapter 2). For S. siliquastrum, measurements were made on individuals from 
four sites namely, Lung Lok Shui (LLS), Lung Yuen Tsui (LYT), Lo Fu Ngan (LFN) 
and Clear Water Bay (CWB); and for S. hemiphyllum, from six sites namely Lung 
Lok Shui (LLS), Lo Fu Ngan (LFN), Lung Ha Wan (LHW), Clear Water Bay (CWB), 
Tai Tarn Wan (rocky shore) (TTW(rs)) and Tai Tarn Wan (sea school) (TTW(ss)) (see 
Chapter 1 for detailed descriptions of these sites). Along with the sampling for 
thallus length measurement, 30 S. siliquastrum and 45 S. hemiphyllum individuals 
from each Sargassum population were haphazardly selected for in-situ PAM 
measurement using Diving PAM (Walz, Germany). The sampling sizes for the 
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measurement of the two Sargassum spp. were pre-determined in preliminary tests 
(Figure 3.1). The same sampling method was applied to all the populations of each 
of the Sargassum species. For consistent monitoring, each in-situ PAM 
measurement for Sargassum plant was made at the apical tip of the thallus. In the 
mean time, the in-situ irradiance in terms of Photosynthetically Active Radiation 
(PAR) was also measured by a miniature light sensor placed close to the site of the 
fluorescence measurement. This light sensor came as part of the Diving PAM. 
Diurnal patterns of effective quantum yield of Sargassum spp. in Tung Ping 
Chau Island exhibited a slight mid-day photo-inhibition due to the high irradiance 
recorded at noon time (Yeung, 2004). It was shown that the in-situ PAR also 
displayed a diurnal variation with peak values being recorded in mid-day. PAM 
measurements in this study were therefore taken in the morning (9:00 a.m. to 11:00 
a.m.) or afternoon (3:00 p.m. to 5:00 p.m.), as far as possible, to avoid the 
photo-inhibitory effect due to the strong irradiance at noon. 
Similar analytical approaches for the comparisons of growth and reproductive 
seasonality among Sargassum populations (Chapter 2) were also applied to compare 
the photosynthetic effective quantum yields of populations of Sargassum spp. at 
different times. The relationship between the photosynthetic effective quantum yield 
and growth, reproductive parameters, and environmental PAR were also investigated 
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statistically using ANOVA. 
III.2.2 Seasonal Variation in Photosynthetic Activities of Sargassum spp. (Laboratory 
Measurement) 
Five individual plants with thallus length approximately that of the population 
mean at different life stages (e.g. slow growth phase, active growth phase, and 
reproductive phase, die-back phase) were collected from the field and brought back to 
the laboratory. Sampling for both Sargassum species was conducted at a single 
locality {S. siliquastrum: LLS season), LYT season); S. hemiphyllum: TTW). 
The plants were acclimated in filtered seawater under dark condition for 30 minutes 
before the PAM measurement in order to measure the maximum quantum yield. 
Triplicate PAM measurements on the maximum quantum yield of each thallus were 
made in darkness from the apical/thallus tip all the way down to the holdfast at 5 cm 
intervals. The maximum quantum yield of different parts (e.g. "leaves" (at apical 
tip), "stipe", "receptacle" and "holdfast") of the plant was also measured and 
compared statistically. 
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III.3Results: 
III.3.1 Preliminary Testing of Sampling Size for PAM Measurement 
The optimum sampling size for in-situ PAM measurement of S. hemiphyllum and 
S. siliquastrum populations were determined to be 45 and 30 respectively by plotting 
the Mean Effective Quantum Yield vs. Sample Size Curve based on the 
preliminary measurements before the commencement of monthly monitoring (Figure 
3.1). 
III.3.2 Seasonal Variations of Effective Quantum Yield (Field Monitoring) 
111.3,2.1 Intra-specific comparison along latitudinal gradient from north to south of 
Hong Kong - S. siliquastrum 
There were significant temporal variations in the effective quantum yield of the 
four populations of S. siliquastrum from LLS shallow (-2m to -4m C.D.), LYT, LFN 
and CWB (Kruskal Wallis test: p < 0.001) (Figures 3.2 to 3.4). However, no 
statistically significant spatial differences were detected among the seasonality of 
effective quantum yield of these four populations. 
There were no significant correlations between the photosynthetic effective 
quantum yield and seasonal variations in mean thallus length, percentage of 
reproduction and growth rates of the four S. siliquastrum populations (Figures 3.2 
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and 3.3) (Table 3.1，Pearson's product-moment correlation: p > 0.05). However, the 
seasonal variations in effective quantum yield of S. siliquastrum were, to some extent, 
related to the life history stage development of the species. At the early start of the 
first growing season when S. siliquastrum was at the slow growth phase (from 
September to October 2005), the effective quantum yields of the populations from 
LLS shallow (-2 to -4 m CD) region and CWB started with a declining trend. The 
yield became steady and fluctuated within a small range between 0.68 and 0.72 but 
with a slightly decreasing trend during the active growth phase and reproductive 
period (November 2005 to February 2006). A significant drop to the minimum 
effective quantum yield of the year was then recorded as the S. siliquastrum 
populations entered the die-back period. When new "leaves" emerged from the 
persisting holdfast in late June or early July 2006, the photosynthetic effective 
quantum yield increased again and obtained the peak yield in September 2006 right 
before the onset of active growth in the new season. As the populations grew in 
mean length in the growing season, the mean effective quantum yield decreased 
again from the peak. This was consistent with the pattern in the preceding season 
when a decreasing trend in yield was exhibited during the active growth. Regardless 
of the relatively low level of growth and maturity in LLS shallow population of S. 
siliquastrum in the second growing season, the seasonal pattern of photosynthetic 
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performance was similar to that of the other populations from LFN and CWB. All of 
them displayed the normally expected growth cycle in the second growing season. 
Although there were missing data in the variation patterns of effective quantum yield 
in the growing season due to technical failure of the PAM fluorometer from 
January to March 2007, the overall trend in seasonal variation of effective quantum 
yield in the growing season generally resembled that of the growing season. 
Throughout the whole monitoring period, Photosynthetically Active Radiation 
(PAR) was measured in-situ along with the effective quantum yield measurement on 
S, siliquastmm populations (Figure 3.4). Temporal variations in PAR from all the 
study sites were statistically significant (Kruskal Wallis test: p < 0.001). The 
recorded PAR fluctuated widely with a large range of standard deviation. There was 
a general seasonal variation of the PAR level, with the PAR level being on average, 
higher in summer. The PAR levels alternated between summer high and winter low 
over the two years of the study period. No significant statistical correlations 
between the seasonal patterns of PAR and the effective quantum yield of S. 
siliquastmm populations were detected (Pearson's product-moment correlation: p > 
0.05). 
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III. 3.2.2 Intra-specific comparison along latitudinal gradient from North to South of 
Hong Kong — S. hemiphyllum 
The effective quantum yield of the six populations of S. hemiphyllum from LLS, 
LFN, LHW, CWB, TTW(rs) and TTW(ss) varied significantly over time (Kruskal 
Wallis test: p < 0.001) (Figures 3.5 to 3.7). Similar to the case of S. siliquastmm, 
there were no significant spatial differences among the seasonal effective quantum 
yields of S. hemiphyllum from these different sites as the six populations generally 
shared similar seasonal patterns of photosynthetic effective quantum yield. Likewise, 
no significant correlations between the seasonal patterns of photosynthetic effective 
quantum yield and those of mean thallus length and percentage of reproductive plant 
were detected (Table 3.2, Pearson's product-moment correlation: p > 0.05) from all 
these populations (Figures 3.5 and 3.6). However, the growth rates of S. 
hemiphyllum population from LFN were significantly correlated with the seasonal 
patterns of its effective quantum yield (Table 3.2). This is more of an exception 
rather than the general pattern. 
The seasonal variation patterns of photosynthetic effective quantum yield of S. 
hemiphyllum were similar to those of S. siliquastnim in being strongly associated with 
the life stages of the plant. It was also noted that the maximum values of effective 
quantum yield of S. hemiphyllum were also recorded right before the onset of the 
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active growth phase in December (same in both growing seasons). The effective 
quantum yield of S. hemiphyllum populations also declined from the peak as they 
entered the active growth and reproductive stages, and decreased drastically to a low 
level in die-back stage when the plants started to turn to dark-brown colour in late 
April (2006 and 2007). The persisting holdfasts were able to maintain relatively low 
photosynthetic activities during the die-back period. Effective quantum yield 
increased when new shoots emerged and the peak value reached again in December 
2006 right before the S. hemiphyllum populations entered another active growth phase 
in the second growing season. The monitoring results of S. hemiphyllum covered 
two peak values with consistent timing between the two years in both growing 
seasons. 
The photosynthetically active radiation (PAR) recorded concurrently with PAM 
measurement of S. hemiphyllum populations showed significant temporal variation 
(Kruskal Wallis test: p < 0.001) (Figure 3.4). The pattern of seasonal variations of 
PAR that S. hemiphyllum was exposed to was similar to that experienced by S. 
siliquastrum, except that the magnitudes were generally higher due to less attenuation 
of the irradiance along the water column. S. hemiphyllum is generally found at lower 
intertidal region and is therefore exposed to higher level of irradiance than subtidal S. 
siliquastrum. No significant statistical correlations between PAR and the patterns of 
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effective quantum yield of S. hemiphyllum populations were, however, detected 
(Pearson's product-moment correlation: p > 0.05) (Table 3.2). 
Ill 3.2.3 Intm-specific comparison along the vertical depth gradient - S. siliquastmm 
Seasonal variations in the effective quantum yield of both populations of S. 
siliquastmm from LLS shallow (-2m to -4m C.D.) and LLS Deep (-7m to -9m C.D.) 
were statistically significant (Kruskal Wallis test: p < 0.001) (Figures 3.8 to 3.10). 
Similar to the cases in other populations of S. siliquastrum, seasonal variations of the 
effective quantum yield of LLS deep population were not significantly correlated with 
those of mean thallus length, percentage of reproductive plants and growth rates 
(Table 3.1, Pearson's product-moment correlation test: p > 0.05) (Figures 3.8 and 
3.9), Seasonal variations in the effective quantum yield of LLS deep S. siliquastrum 
population were very similar to those of the LLS shallow population except that the 
absolute mean values for the deep population were relatively higher than those for the 
shallow population in all sampling dates. The differences between shallow and deep 
populations were more pronounced during summer (from June to October, Figure 
3.10), but no statistically significant differences between the effective quantum yields 
of the two populations were detected (t-test: p > 0.05). 
The patterns of seasonal variation of PAR from both depth zones were generally 
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similar with a seasonal alternation between high level in summer and low level in 
winter (Figure 3.10). However, PAR from shallow region was always higher than 
that in the deep region but no significant correlations between PAR and effective 
quantum yield from S. siliquastrum populations of either depth zone were detected 
(Pearson's product-moment correlation: p > 0.05) (Table 3.2). 
III.3.3 Seasonal Variations of Maximum Quantum Yield (Laboratory Measurement) 
and Comparative Photosynthesis of Different Parts of Sargassum spp. 
The variations in maximum photosynthetic quantum yield measured along 
different parts of the thalli from the apical tips of the main laterals all the way down to 
the holdfasts are presented in Figure 3.11. Generally, all parts along the thalli of 
both species were photosynthetically active. 
The maximum quantum yields measured from the apical tip of the main lateral of 
S. siliquastrum at the active growth and reproductive phases were significantly lower 
than those from the other parts of the thallus except the holdfast (One-way ANOVA: p 
< 0.05). In comparison, the vegetative tissue along different parts of the thallus of S. 
hemiphyllum photosynthesized with statistically similar maximum quantum yield 
(One-way ANOVA: p > 0.05). Holdfast of both species showed the lowest 
maximum quantum yield with significant statistical differences from the other parts of 
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the thallus in all their life stages. 
For both S. siliquastrum and S. hemiphyllum, the photosynthetic performances of 
the vegetative tissues measured from different parts of the thalli were clearly different 
among different life stages. The maximum quantum yield measured was in the 
following descending order: Slow Growth Phase > Active Growth Phase > 
Reproductive Phase > Dieback Phase (Figure 3.11). 
Table 3.3 lists the maximum quantum yield measured from "Holdfast", “Stipe”， 
"Leaf/Blade" and "Receptacles" of both species at different life stages. All four 
structures of S, siliquastrum and S. hemiphyllum are photosynthetic. The 
"Leaf/Blade" had the highest maximum quantum yield during slow growth, active 
growth and reproductive phases. "Holdfast", on the other hand, had the lowest 
photosynthetic maximum quantum yield in all the life stages. The results also 
indicated the magnitude of maximum quantum yield of these four structures in the 
following descending order: "Leaf/Blade" > "Receptacles" > ‘‘Stipe，’ > "Holdfast" 
with statistical tests (One-way ANOVA: p > 0.05) revealing no significant difference 
in the maximum quantum yield between "Receptacle" and "Stipe". The variations in 
maximum quantum yield of these structures in different life stages were similar to the 
results shown for the life stages (Figure 3.11) with a descending order of Slow 
Growth Phase > Active Growth Phase > Reproductive Phase > Dieback Phase (Table 
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3.3). 
III.4 Discussion: 
The photosystem II effective quantum yield obtained from the PAM 
measurement of chlorophyll fluorescence reflects the efficiency of light utilization by 
the photosynthetic pigments of the plant being measured. The chlorophyll 
fluorescence emission is complementary to the alternative pathways of de-excitation, 
i.e. photochemistry and heat dissipation (Schrediber, 1986). Higher value of 
fluorescence is coupled with low yield of photochemistry and heat dissipation, 
reflecting a higher efficiency of light utilization. On this basis, the higher the 
effective quantum yield measured indicates the higher the efficiency of 
photosynthesis being performed by the plant. The seasonal course of effective 
quantum yield is therefore, a good indicator to reflect the seasonal photosynthetic 
performance of the plants. 
III.4.1 Seasonal Photosynthetic Performances of S. siliquastrum and S. hemiphyllum 
Previous studies have pointed out the relationship between photosynthesis and 
growth and development of the macroalgae. In Ulva lactuca for example, the peak 
rate of photosynthesis in terms of oxygen evolution was reported in summer, which 
coincided with the optimum growth recorded for the species (Fillit, 1995). Other 
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examples also demonstrated that growth rates of macroalgae from the Antarctic region 
were in line with their photo synthetic performances (Drew and Hasting, 1992; Gomez 
et ai, 1995; Weykam and Wiencke, 1996; Gomez and Wiencke, 1997; Liider et al., 
2001). However, previous effort to study the seasonal photosynthesis of Sargassum 
plants was scarce and limited. Umezaki (1984) reported that the daily increase in 
dry weight and in length of main axis of S. horneri showed two peaks, in December to 
January and in February to March, which almost corresponded to the two peaks of 
photosynthetic rates in November and March recorded by Gao (1990b). The 
seasonal minima of photosynthetic rates of S. horneri coincided with the time of 
seasonal senescence in May and June (Gao, 1990b) when the plants ceased to grow 
(Umezaki, 1984). Prince (1980) also reported that the seasonal pattern of 
photosynthesis was similar to that for growth in S. ptewpleuwn. 
In the present study, the photosynthetic effective quantum yield of both S. 
siliquastrum and S. hemiphyllum displayed annual cyclical trend with seasonal peak 
values being recorded at the time right before the onset of active growth. When 
Sargassum plants regenerated from the persisting holdfast early at the start of the new 
growing season, the photosynthetic effective quantum yield displayed an increasing 
trend. This could indicate an increase in the light-harvesting activity of the plant due 
to an increase of newly synthesized photosynthetic pigments. It has been shown that 
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photosynthetic efficiency and light harvesting of macroalgae are related to the amount 
and arrangement of their photosynthetic pigments (Lobban & Harrison, 1994). The 
effective quantum yield of both Sargassum spp. attained its peak values at late slow 
growth phase right before the onset of active growth and decreased during the active 
growth phase. This may suggest a time-lag in energy conversion, with sufficient 
photosynthetic products needed to be stored first before they are used in direct active 
growth. Maximum photosynthetic rates of some species of Caulerpa (e.g. C. 
mexicana and C. paspaloides) were generally observed during cold season when light 
intensity and temperature were lower, coinciding with the peak in the level of reserve 
storage of carbohydrate during the same period (Robledo & Freile-Pelegrin, 2005). 
The increase in the content of photosynthetic product, mannitol, within the thallus of 
S. siliquastrum at LLS has been shown to correspond to the increase in its 
photosynthetic effective quantum yield from May to September (Wong, 2007). It 
was also observed that the mannitol content started to decline from the peak after 
September when S. siliquastrum entered the active growth phase in October (Wong, 
2007). This indicates the gradual utilization of the photosynthetic products for 
growth by S. siliquastrum after the peak of its effective quantum yield in September, 
thus explaining the time-lag observed between the peaks of photosynthetic activities 
and growth. 
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Along the course of seasonal growth, photosynthetic effective quantum yield of 
different populations of both S. siliquastrum and S. hemiphyllum showed decreasing 
trend after the peak value as the plants entered the active growth period. Gao and 
Umezaki (1989a) reported that the photosynthetic rate of S. thunbergii decreased with 
an increase in its dry weight to fresh weight (d.w./f.w.) ratio as it grew longer and 
older in age. When this d.w./f.w. ratio increases, the water content decreases. The 
enzymatic activities which photosynthesis depends on can be hindered by the 
decrease in water content (Kiippers and Kremer, 1978), leading to a reduction in 
photosynthetic performance. Although the d.w./f.w. ratio was not monitored in 
parallel with the PAM measurement in the present study, the increasing trend of 
d.w./f.w. ratio of S. siliquastrum from regeneration to reproductive stage had been 
recorded before (Wong, unpublished data). 
The decrease in effective quantum yield of both S, siliquastrum and S. 
hemiphyllum during the active growth period can also be explained by the change in 
pigment composition in their vegetative tissue as they grow. Lewey and Gorham 
(1984) reported a "dilution effect，，in major photosynthetic pigments, chlorophyll a 
and flicoxanthin, within S. muticum thallus on a pigment per unit dry weight basis 
during spring active growth phase. Such "dilution effect" of photosynthetic 
pigments in Sargassum can be attributed to the slower production rate of new 
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pigments and chloroplast as compared with the rapid rate of growth during the active 
growth phase. Although photosynthetic pigment content was not directly quantified 
and monitored in the present study, a notable field observation was made on the 
colour change from dark brown in juvenile to a pale brown in mature adult in both S. 
siliquastrum and S. hemiphyllum. This provides an indirect evidence to support the 
"dilution effect" of photosynthetic pigments as growth proceeded, which also 
explained the decrease in photosynthetic effective quantum yield during active 
growth. 
During the second growing season (July 2006 to June 2007), the LLS shallow S. 
siliquastrum population did not show significant growth during the active growth 
period as the other S. siliquastrum populations did. However, its photosynthetic 
9 
efficiency in terms of its effective quantum yield showed similar decreasing trend as 
in the other populations. Apparently, this "pigment dilution effect" would not 
explain well the decrease in the effective quantum yield of LLS shallow S. 
siliquastrum during this period. On the other hand, the lack of significant growth in 
this population was due to sea urchin grazing (see Chapter 2), so there might still be 
pigment dilution effect associated with growth, except that any increase in length was 
rapidly trimmed off by the grazers hence was not readily measurable. Other factors 
like aging of the vegetative tissue may also be important in affecting the 
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photosynthetic efficiency of this population as growth proceeded. 
A significant drop in effective quantum yield to the minimum value was noted 
when the two Sargassum spp. entered the die-back stage. The vegetative tissue 
degenerated and most of the photosynthetic pigments were lost. The persistent 
holdfast that remained during the senescence stage only exhibited low photosynthetic 
effective quantum yield. The occurrence of minimum photosynthetic effective 
quantum yield during the die-back stage is consistent with the findings of other 
studies on seasonal photosynthesis of Sargassum spp. (e.g. Gao, 1990b; Prince, 1980). 
Strategic differentiation in photosynthetic performances among different life 
stages have been documented for various macroalgae (e.g reproductive stage v.s. 
senescence stage: Oh & Koh, 1996; gametophytes v.s. sporophytes: Gomez & 
Wiencke, 1996; among developmental stages of sporophytes: Murakami et al” 2004). 
Gao (1989) also reported lower photosynthetic rates found in juvenile S. horneri in 
August and after becoming mature in June, concluding that different growth stages of 
S, horneri would have different photosynthetic rates. In the present study, there were 
clearly notable patterns in the variation of photosynthetic effective quantum yield 
with respect to different life-history/growth stages of the two Sargassum spp., 
following a descending order of Slow Growth Phase > Active Growth Phase > 
Reproductive Phase > Dieback Phase. This suggested that there may be different 
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energy requirements and acquisitions during these life stages. Both S. siliquastrum 
and S. hemiphyllum exhibited typical pseudo-perennial life history pattern 
characterized by having a slow growth phase, a fast growth phase that cumulates in 
the peak plant size, followed by the reproductive phase, senescence and die back. 
They do not show multiple-growth life history. The slow and active growth phases 
are therefore mainly responsible for energy resource acquisition for the development 
and reproduction of the populations in the later stages. During the slow growth 
phase, the vegetative tissue of both S. siliquastrum and S. hemiphyllum 
photosynthesized with increasing efficiency which peaked in late slow growth phase 
in order to build up reserve (mannitols) for use in the subsequent active growth and 
reproductive phases. As these Sargassum spp. entered the active growth phase, it 
could be possible that more energy resource is strategically allocated to thallus growth 
rather than to bio-synthesis of photosynthetic pigments. There could thus be a 
"pigment dilution effect” with significant growth in size during active growth phase 
that is not matched with a corresponding increase in pigment density. The 
consequence of this is the drop in effective quantum yield. During reproductive 
phase, the energy demand for the development of receptacles depends on the energy 
reserve acquired previously in the two growth phases. It would be unnecessary and 
not energy efficient for the plants to allocate resources to maintain high 
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photosynthetic activities at this stage. Degeneration of vegetative tissues during 
die-back stage was the major reason for the decline in effective quantum yield down 
to the minimum during this phase of the algal life history. 
IIL4.2 Different Levels of Photosynthesis in Various Parts of Sargassum spp. 
Many previous studies have demonstrated that light absorption in algal species 
consisting only of photosynthetically active cells is higher compared to species 
consisting also of non-photosynthetic tissue in the medulla (Ramus, 1978; Littler & 
Arnold, 1980; Weykam et al. 1996). Therefore, filamentous (e.g. Urosapora, 
Bangia, Ectocarpus) or foliose (mono-or distromatic) thalli (e.g. Monostroma, Ulva, 
Porphyra) would show higher photosynthetic capacities ( P m a x ) determined on a fresh 
or dry weight basis than branched, corticated (e.g. Plocamium, Desmarestid) and 
leathery (e.g. Laminaria, Iridaea) species. This morpho-fiinctional differentiation in 
photosynthetic activities can be demonstrated not only between different species, but 
also between different parts of the thallus in different developmental and life stages. 
Gao (1991), with the joint effort of Umezaki (1989a), studied the differentiation 
of photosynthesis in various parts of S. horneri and S. thunbergii in Japan and 
reported the highest light-saturated photosynthetic rates in "leaves" of both species. 
In contrast, the light-saturated photosynthesis and the apparent photosynthetic rates 
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were significantly greater in receptacles than in "leaves" of Hizikia fusiforme (S. 
fusiformis) in South China Sea (Zou & Gao, 2005). In the present study, the whole 
thallus of both S. siliquastrum and S. hemiphyllum were photosynthetically active in 
all the seasons, even the die-back period. The ‘‘leaf/blade，，was always the most 
photosynthetically active part of the vegetative tissue within the whole thallus. Thin 
and flatten in shape, the "leaf/blade" of both Sargassum spp. is morphologically 
developed to optimize absorption of solar energy for photosynthesis. Unlike the 
receptacles of Hizikia fusiforme {S. fusiformis) which have greater photosynthetic 
rates than their "leaves", the photosynthetic performance of the receptacles of both S. 
siliquastrum and S. hemiphyllum measured in the present study was lower than that of 
their "leaves", suggesting that the development of receptacles might depend on the 
photosynthesis of their "leaves". The photosynthetic efficiency of the stipe was even 
lower, it is corticated with thick walled cells and is specialized for providing structural 
support for the whole thallus. Holdfast is the least photosynthetically active part of 
the thallus. The photosynthetic activities of the holdfast recorded for the two 
Sargassum species in Hong Kong are comparable to the results obtained from studies 
on S. horneri and S. thunbergii in Japan (Gao & Umezaki, 1989a; Gao, 1991). 
Holdfast is the oldest part of the thallus. It can persist for several years until the 
whole plant dies or is dislodged. It has also been reported that the older part of 
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macroalgae contains more non-photosynthetic tissue (Gomez Qt ai, 1996), thus 
contributing to its low photosynthetic efficiency. The holdfast of S. macwcarpum 
was found to grow in size with age indicating an accumulation of biomass in this 
structure (Murase, 2001). Wong (2007) suggested that perennial holdfast of S. 
siliquastrum serves as a storage structure for energy resource, as shown in the amount 
of mannitol it contains. This indicates that holdfast is both a functional structure for 
substratum attachment and for energy storage. Therefore, located at the basal part of 
the thallus that receives relatively low level of light under the canopy, the holdfast is 
not of strategic advantage to be developed into a main photosynthetic structure for 
energy acquisition. 
The photosynthetic activities of the different parts of the thallus (along its whole 
length) at different life stages were assessed in the laboratory. The results revealed a 
similar general categorization of maximum photosynthetic quantum yield in different 
life stages following the descending order of slow growth phase > active growth 
phase > reproductive phase > dieback phase. In both species, the maximum 
quantum yields of the whole thallus during the die-back stage were extraordinarily 
lower than in other stages. The whole plant was of very low photosynthetic 
efficiency as there was no statistically significant difference (One-way ANOVA: p > 
0.05) in the maximum quantum yields among different parts of the thallus detected 
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during this stage. 
For S, hemiphyllum, the maximum quantum yields in different parts along the 
thallus, except the holdfast, were also statistically not significantly different (One-way 
ANOVA: p > 0.05) in the other three life stages (slow growth phase, active growth 
phase and reproductive phase). For S. siliquastrum, however, only during the slow 
growth phase did the different parts along the thallus length show similar quantum 
yield (One-way ANOVA: p > 0.05). When the thallus grew to a larger size during 
the active growth phase and during the reproductive phase, a gradient of differential 
maximum photosynthetic quantum yield was noted with the apical tip and upper 
section having significantly lower photosynthetic efficiency than the more basal parts 
of the thallus (One-way ANOVA: p < 0.05). Photosynthetic activity was reported to 
be higher in the apical than in the basal portions of S. homed, S. hemiphyllum and S. 
confusum from Japan based on the analysis of their chlorophyll a concentrations 
(Yokohama, 1977). In the studies on S. hornen, S. serratifolium, S, autumnale’ S. 
thunbergii and S. patens, Gao and Umezaki (1988a, b; 1989a), and a follow-up study 
of Gao (1991) also reported that "leaves" of the lower part, compared with the upper 
parts, showed higher chlorophyll content but lower photosynthetic rates, as denoted 
by the rate of light-saturated photosynthetic oxygen evolution per unit of chlorophyll 
a. Many other previous studies also found that photosynthetic pigments within 
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macroalgae tend to concentrate at the basal part of the thallus. Ramus et al. (1977) 
reported that chlorophyll a and fticoxanthin in Ascophyllum nodosum and Fucus 
vesiculosus increased with water depth or under more shaded conditions. Wheeler 
(1980) documented higher pigment concentration in transplanted juvenile plants of 
Macrocystis pyrifera in deeper habitats than in shallower ones. Other macroalgae 
such as Codium fragile (Wassman & Ramus, 1973), Udotea periolata and Dictyota 
dichotoma (Perez-Bermudez et al, 1981) and Porphya umbilicalis and Chondrus 
crispus (Ramus et al, 1976a, b) also showed similar variation in pigment content. 
The commonly observed high contents of photosynthetic pigment at lower portion of 
the thallus are regarded as an adaption to reduced light condition (Gao & Umezaki, 
1989a). 
In the present study, there was a gradient of increasing maximum quantum yield 
from the upper apical part to basal part of S. siliquastrum thallus. It is believed that 
the content and the distribution arrangement of photosynthetic pigments are positively 
correlated with the light harvesting efficiency in macroalgae (Genty et al, 1989; 
Haupt & Scheuerlein，1990). The basal parts of the two Sargassum species presently 
studied, like the case in other macroalgae, are usually shaded by the upper canopy and 
under light-limited conditions. It is possible that S, siliquastrum has similar 
physiological adaption of concentrating photosynthetic pigments at its basal part in 
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response to reduced light condition. The high concentration of photosynthetic 
pigments at lower portion of the thallus could help to increase light harvesting 
efficiency so as to optimize photosynthesis under the shaded condition. Therefore, 
the higher maximum quantum yield at the lower parts of S. siliquastrum thallus could 
be attributed to "shade adaption" of the macroalgae. This pattern of increasing 
gradient in maximum quantum yield along the thallus was not recorded in S. 
hemiphyllum which displayed uniform pattern of maximum photosynthetic 
performance throughout the thallus, except the holdfast. Concentrating 
photosynthetic pigments at the lower part of the thallus due to “shade adaptation" may 
not be necessary in this lower intertidal Sargassum as light may not be limiting. 
The lower maximum quantum yield at apical or upper thallus of S. siliquastrum 
during the active growth and reproductive phases could be a sign of photo-inhibition. 
When the S. siliquastrum plants grow up, vesicles emerge to provide buoyancy to 
keep the plant upright. Conspicuous bed of Sargassum spp. could cover the entire 
substratum forming a massive upper layer of canopy during the active growth and 
reproductive seasons. This brings about a strong gradient of irradiance from the top 
to the bottom of the Sargassum bed. Although S. siliquastrum plants occur at the 
subtidal zone and are not found exposed to air, the upper thallus of shallow water S. 
siliquastrum plants could still be exposed to high irradiance regime when they reach a 
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certain height. This could then lead to photo-inhibition. Similar phenomenon of 
photo-inhibition at canopy or upper thallus of macroalgae has also been reported in 
Ulva spp. (Malta et al, 2003; Bischof et a!., 2002), Lessonia nigrescens (Gomez et al., 
2005), Laminaria spp. (Dring et al, 1996) and Porphyra leucostica (Figueroa et al., 
1997). Such pattern of photo-inhibition, however, was not seen in the intertidal S. 
hemiphyllum which was sometime exposed to air during low tide. Except for the 
holdfast, the vegetative "leaves" along the thallus length have generally uniform 
photosynthetic performance without any sign of photo-inhibition even at the top part 
during active growth and reproductive stages. This indicates that S. hemiphyllum has 
high tolerance to photo-inhibitory effect due to strong irradiance than S siliquastrum. 
This could also help explain the zonation pattern of these two Sargassum species 
observed in their natural environment with S. siliquastrum being found only in the 
subtidal region. 
Earlier experiments for PAM studies showed that the results of fluorescence 
measurements were generally consistent with those of oxygen measurements, 
suggesting effective quantum yield as a good indicator for photosynthetic efficiency 
in macroalgae (Hanelt, 1992; Hanelt et al.，1995, 1997). Hence, it is expected that 
the high photosynthetic rates of macroalgae could be indicated or reflected from their 
effective quantum yield. However, in terms of photosynthetic rates, the present 
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findings showing uniform maximum quantum yield along the thallus of S, 
hemiphyllum were not consistent with previous results indicating higher 
light-saturated photosynthetic oxygen evolution in the apical portion of S. 
hemiphyllum from Japan (Yokohama, 1977). The rate of oxygen evolution may not 
be exactly proportional to the photosynthetic efficiency of light capturing. Even if 
the vegetative tissues of S. hemiphyllum have similar photosynthetic maximum 
quantum yield or efficiency, the rate of oxygen evolution could still be limited by 
some other factors such as availability of water, an important substrate for 
light-reaction (photolysis) during photosynthesis. It has been shown that water 
content within the vegetative tissue of Sargassum spp. tends to decrease with 
increasing dry weight to fresh weight (d.w./f.w.) ratio as the plant grows older in age 
(Gao & Umezaki，1989, 1991). Since S. hemiphyllum grows from its apical 
meristem, the lower portion of the thallus is the older part of the plant and should 
have higher d.w./f.w. ratio (lower water content) as compared with the younger part 
from the upper apical portion. This relative higher water content in the apical tissue 
allows a greater rate of photolysis of water and consequently higher oxygen evolution 
rate than the basal part although they have similar photosynthetic efficiency. 
III.4.3 Comparative Photosynthesis from Different Depths 
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Both populations of S. siliquastrum from LLS Shallow (-2 m to -4m CD) and 
LLS Deep (-7m to -9m CD) displayed similar seasonal trend of effective quantum 
yield. The phenological cycle of growth and reproduction of shallow S. siliquastrum 
was shown to be one month in advance of that of the deep population during the first 
growing season (Chapter 2). Similar pattern was not detected in the seasonal 
photosynthesis of the two populations. This suggested that the seasonal course of 
photosynthetic performance was not exactly in line with the phenological processes of 
growth and reproduction, as reflected in the lack of significant correlations between 
them. 
Deep population photosynthesized with higher mean effective quantum yield 
than the shallow population. However, such differences were not statistically 
significant (t-test: p > 0.05). The higher effective quantum yield of deep population 
was probably due to "shade adaptation" under the light-limited condition at the deeper 
region. The current results concur with other studies on photosynthesis of 
macroalgae under low light condition. It has been reported that subtidal macroalgae 
are typically low light adapted and characterized by high photosynthetic efficiencies 
with low light compensation and saturation points (Dunton & Jodwalis，1988; 
Wiencke et al., 1993; Brouwer, 1996; Weykam et al., 1996; Eggert & Wiencke, 2000). 
Such physiological adaptation allows deep populations of macroalgae to maintain 
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sufficient biomass production via photosynthesis. In order to achieve this purpose, 
some deep water macroalgae tend to increase their content of photosynthetic pigments 
within the vegetative tissue (e.g. Perez-Bermudez et al. 1981; Gao & Umezaki, 1989a) 
or strategically arrange the photosynthetic apparatus or pigment within 
photosynthetically active cells (Haupt & Scheuerlein, 1990) to optimize their light 
capturing capability. 
The PAR measured at the deep region was always lower and significantly 
different (t-test: p < 0.05) from that of the shallow region on some sampling dates. 
More profound differences in PAR between the two depths were recorded during the 
summer season when the shallow region PAR was significantly higher than that of the 
deep region (t-test: p < 0.05). In the mean time, differences between the 
photosynthetic effective quantum yield of the respective populations were also 
relatively greater in summer as compared with those measured in the other times 
during the monitoring period. It may be possible that the stronger PAR during 
summer caused photo-inhibition within the shallow population, leading to a lower 
effective quantum yield during the in-situ measurement. 
III.5 Summary 
The seasonal photosynthetic performance of S. siliquastrum and S. hemiphyllum. 
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as indicated by their effective quantum yield, were measured in-situ by Diving PAM. 
Both species displayed annual cyclical trend of effective quantum yield with a 
seasonal peak occurring right before the onset of active growth. The seasonal 
variations in photosynthetic effective quantum yield were not in line with the 
phenological patterns of growth and reproduction. The peak growth period lagged 
behind the time of peak photosynthetic efficiency, suggesting that energy resources 
acquired during peak photosynthetic period may be reserved during early growth 
phase for later use in active growth and reproduction phases. The increase in dry 
weight / fresh weight ratio and "pigment dilution effect" could possibly explain the 
decreasing trend of photosynthetic effective quantum yield as the two Sargassum spp. 
grow in size and age during the active growth and reproductive phases. The 
minimum photosynthetic performance recorded during dieback period was due to the 
degeneration of vegetative tissue. The seasonal photosynthetic efficiency of both S. 
silquastrum and S. hemiphyllum was related to their life stages in the following 
descending order of Slow Growth Phase > Active Growth Phase > Reproductive 
Phase > Dieback Phase. This implies the existence of different energy requirements 
for growth and development in different life stages of the populations. 
Differential photosynthesis among various parts of Sargassum spp. is related to 
their morpho-functional specialization. Present findings indicated the whole thallus, 
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including holdfast, of the two studied Sargassum spp. were photo synthetic with 
"leaf/blade" being most photosynthetically active. A gradient of increasing 
maximum quantum yield (measured in the laboratory) from the apical tip to the basal 
part was observed in S. siliquastmm during active growth and reproductive phases. 
This gradient in photosynthetic efficiency could be attributed to "shade adaptation" of 
the basal part of the thallus and photo-inhibition at the upper part. No such gradient 
of maximum quantum yield was observed in S. hemiphyllum. This may be due to 
the fact that S. hemiphyllum is naturally a lower intertidal species, hence is well 
adapted to exposure to higher irradiance or that light was never a limiting factor in the 
intertidal region. 
The "shade adaptation" and photo-inhibition could also be extended to explain 
the different effective quantum yields recorded between shallow (-2m to -4m CD) and 
deep (-7m to -9m CD) populations of S. siliquastmm at LLS. Generally stronger 
PAR in summer induced a greater difference in photosynthetic effective quantum 
yield between the two populations from the two depth zones. 
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Table 3.1 Pearson's product moment correlations between photosynthetic 
effective quantum yield of S. siliquastrum, and physiological 
parameters (e.g. mean thallus length, percentage of reproductive plant 
and growth rates), and environmental Photosynthetic Active Radiation 
(PAR). 
Parameters LLS】 LLS丨 
Shallow 
(-2 m to 
Deep (-Tin 
to -9m LYT】 LFN丨 C W B ' 





















Percentage of r -0.179 -0.413 -0.163 0.02 -0.153 
Reproductive P 0.414 >0.05 0.699 0.994 0.559 
Plants n 23 23 8 20 17 
r 0.91 0.300 0.467 0.290 0.267 
Growth Rates P 0.681 0.164 0.244 0.215 0.318 
n 23 23 8 20 16 
r -.0.300 -0.218 0.339 0.149 0.385 
PAR P 0.164 0.317 0.411 0.531 0.127 
n 23 23 8 20 17 
Note: Grey box denotes the data were SIN transformed before subject to Pearson's 
product moment correlation test 
1 LLS = Lung Lok Shui, LYT = Lung Yuen Tsui, LFN = Lo Fu Ngan, 
C W B = Clear Water Bay, TTW(rs) = Tai Tarn Wan (rocky shore), 
TTW(ss) = Tai Tarn Wan (sea school) 
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Table 3.2 Pearson's product moment correlations between photosynthetic 
effective quantum yield of S. hemiphyllum and physiological 
parameters (e.g. mean thallus length, percentage of reproductive plant 
and growth rates), and environmental Photosynthetic Active Radiation 
(PAR). Significant of correlations are denoted by bold p values. 
Parameters 





Mean r -0.094 0.145 -0.313 -0.092 -0.195 -0.412 
Thallus P 0.663 0.556 0.192 0.700 0.455 0.089 
Length n 24 18 19 20 17 18 
Percentage r 

































n 24 17 19 20 16 18 
r -0.544 -0.517 -0.245 -0.221 -0.259 -0.256 
PAR P 0.06 0.228 0.313 0.348 0.315 0.306 
n 24 18 19 20 17 18 
Note: LLS = Lung Lok Shui, LYT = Lung Yuen Tsui, LFN = Lo Fu Ngan, 
C W B = Clear Water Bay, TTW(rs) = Tai Tarn Wan (rocky shore), 
TTW(ss) = Tai Tarn Wan (sea school) 
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Table 3.3 Photosynthetic effective quantum yield of different parts of Sargassum 
plants measured during different life-stages. 
Dieback Phase 
Species Holdfast Stipe Leaf/Blade Receptacles 
Sargassum 
siliquastrum 
0.553 土 0.024 0.573 土 0.014 N A N A 
Sargassum 
hemiphyllum 0.450 土 0.015 0.479 土 0.021 N A N A 
Slow Growth Phase 
Species Holdfast Stipe Leaf/Blade Receptacles 
Sargassum 
siliquastrum 
0.554 土 0.052 0.693 土 0.034 0.778 土 0.063 N A 
Sargassum 
hemiphyllum 0.562 土 0.066 0.712 土 0.043 0.813 土 0.054 N A 
Active Growth Phase 
Species Holdfast Stipe Leaf/Blade Receptacles 
Sargassum 
siliquastrum 
0.543 土 0.048 0.667 土 0.033 0.741 土 0.051 N A 
Sargassum 
hemiphyllum 0.580 土 0.012 0.689 土 0.024 0.760 土 0.048 N A 
Reproductive Phase 
Species Holdfast Stipe Leaf/Blade Receptacles 
Sargassum 
siliquastrum 
0.571 土 0.009 0.650 土 0.011 0.734 土 0.007 0.682 土 0.061 
Sargassum 
hemiphyllum 0.597 土 0.022 0.661 土 0.031 0.758 土 0.021 0.722 土 0.013 
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B) S. siliquastrum 
Dec ided S a m p l e Size: 30 
A) S. hemiphyllum 
• 
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1 ‘ 1 1 ‘ ‘ ‘ , ‘ 1 » 1 i 1 
20 40 60 
Sample Size 
80 
Fig. 3.1 Mean Effective Quantum Yield vs. Sample Size Curve to determine the 
optimum sampling size for P A M measurements of S. hemiphyllum and S. 
siliquastrum populations. 
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Deep (-7m to -9m C.D.) Kruskal Wallis test: 
•p < 0.001 
Date of Sampling 
Fig. 3.8 Sargassum sihquastrum: Seasonal variations in mean ( 土 SD) 
photosynthetic effective quantum yield (AF/F „,'), mean (土SD) thallus 
length (cm) and percentage reproductive plants (%) of the populations from 
Shallow (-2m to -4m C.D.) and Deep (-7m to -9m C.D.) regions of LLS. 
Kruskal Wallis tests (with p values given) were used to evaluate significant 
variations in mean plant length over the study period. The relationship 
between photosynthetic effective quantum yield, and mean thallus length 
and percentage of reproductive plants were assessed statistically by Pearson 
product-moment correlation tests (see Table 3.2) 
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Fig. 3.10 Sargassum siliquastrum: Seasonal variations in mean ( 土 SD) 
photosynthetic effective quantum yield (AF/F m，）of the populations 
from Shallow (-2m to -4m C.D.) and Deep (-7m to -9m C.D.) regions 
of LLS, and mean (土SD) Photosynthetic Active Radiation (PAR) 
measured in situ. The relationship between photosynthetic effective 
quantum yield and PAR was statistically assessed by Pearson's 
product-moment correlation tests (see Table 3.2). 
170 
Shallow Population (-2m to -4m C.D. 
Deep Population (-7m to -9m C.D.) 
LLS Shallow: Kruskal Wallis test: p < 0.001 
LLS Deep: Kruskal Wallis test: p < 0.001 
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Fig. 3.11 
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Height (cm) 
120 140 160 
Variations in mean (土SD) maximum photosynthetic effective quantum 
yield (AF/F m，）of different parts (holdfast at 0 cm) along the thallus 
length of different life stages of A) S. siliquastrum and B) S, 
hemiphyllum. 
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IV.l Introduction 
Phenological and morphological differentiations among Sargassum populations 
from different localities were recorded from August 2005 to July 2006. The 
phenological cycle of growth and reproduction of Lung Lok Shui (LLS) shallow 
water (-2m to -4m CD.) S. siliquastrum population was one month ahead of that of 
the deep water (-7m to -9m C.D.) population. This shallow population also 
displayed shorter mean thallus but higher reproductive output than the deep 
population. It was suggested that these phenological and morphological 
differentiations of S, siliquastrum populations between the two depth zones was the 
result of growth adaptation to the effect of stand density and irradiance (see Chapter 
2). The populations of S. hemiphyllum from Tai Tarn Wan (TTW) were 
morphologically longer in peak mean thallus length and had higher percentage of 
reproductive plants than the other northern populations in Hong Kong. These 
differences were deemed to be related to the variations in the degree of wave exposure 
among the different S. hemiphyllum populations. 
Both phenological and morphological differentiations among the Sargassum 
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populations could be attributed to either phenotypic plasticity or ecotypic 
differentiation (Ohlson, 1989) in the response of the Sargassum individuals to 
environmental differences. Phenotypic plasticity can be inclusively defined as the 
production of multiple phenotypes from a single genotype, depending on 
environmental conditions (Bradshaw, 1965). It is clear that a wide diversity of 
plants exhibits phenotypic plasticity in response to biotic and abiotic conditions of the 
environment (Sultan, 2000; Pigliucci, 2001; Ruvinsky, 2004). Ecotypic 
differentiation is defined as adaptitve response to the local environment based on 
genetic difference (Yoshida et a/.，2004). To further study factors determining the 
phenological and morphological differentiation of Sargassum spp. revealed in the 
current monitoring study, manipulative reciprocal transplantation experiments were 
conducted. This reciprocal transplantation experiment carried out in the present 
study adopted the "Common Garden" approach in addressing the question of 
phenotypic plasticity and ecotypic differentiation associated with Sargassum 
populations showing phenological and morphological differentiations. Such 
approach has been employed in the studies of various flora (e.g. Saxifraga hirculus: 
Ohlson, 1989; Zostera marina: Van Katwijk, 2000; Polymnia canadensis: Bender et 
al., 2001; Mimulus guttatus: Ruvinsky, 2004). Most of the previous common garden 
transplantation experiments were conducted at a single near-field area where all the 
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plants from different localities were transplanted to one place to be grown together. 
Such experimental strategy allows convenient monitoring and better control of the 
experiment setups. In the present study, Sargassum populations from different sites 
displaying differences in their phenology and morphology were transplanted 
reciprocally to their respective sites. This created two experimental "common 
gardens" that allowed evaluation of not only possible ecotypic differentiation among 
the populations but also the degree to which phenotypic plasticity would enable the 
populations to respond to changes in environmental conditions. 
In this chapter, the results of the reciprocal transplantation experiments, covering 
the growth, reproduction, photo synthetic performance as well as survivorship of the 
transplanted Sargassum individuals are presented and compared with the natural 
populations. The extent to which phenological and morphological differences 
observed among Sargassum populations are externally controlled by environmental 
factors or are inherently determined by their genetic make-ups is being addressed. 
IV.2 Materials and Methods 
IV.2.1 Reciprocal Transplantation for S. siliquastrum 
The reciprocal transplantation experiments for S. siliquastrum were conducted 
between Lung Lok Shui (LLS) shallow (-2m to -4m C.D.) and deep (-7m to -9m C.D.) 
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populations from early September 2006 to June 2007. More detailed description of 
this study site is given in Chapter 1 (Section 1.4.3). 
A transplantation device was designed for the anchorage of the transplants to 
fixed locations to allow repeated monitoring in subsequent visits. Conceptual 
diagram and photographic records of the transplantation device and transplants of S. 
siliquastrum are shown in Figure 4.1. From each of the shallow and deep 
populations of S. siliquastrum, 20 individuals of juvenile plants with size similar to 
the population mean (obtained from monitoring of natural population, see Chapter 2) 
were haphazardly selected from the natural population and detached from the original 
substratum carefully with minimum damage to the holdfast as much as possible. 
The detached individuals were then mounted onto the transplantation device with the 
holdfast fixed in position by stainless steel net so that the individuals could maintain 
an upright posture (Figure 4.1). These 20 individuals were evenly placed onto the 
two transplantation devices with a plot density of approximately 40 individuals per m^ 
(10 individuals onto plot size of 40 cm x 60 cm each, Figure 4.1). The 
transplantation devices, together with the transplants from shallow and deep regions, 
were then moved reciprocally to the other depth regions. These two groups of 
transplants were tagged as "Deep to Shallow" and "Shallow to Deep" with 
conspicuous coloured tags. Another two groups of 20 individual juveniles with size 
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similar to the natural population mean were placed onto similar transplantation 
devices, moved around and transplanted back to the original depth regions. These 
two groups of transplants were tagged as "Deep to Deep" and "Shallow to Shallow" 
and served as the disturbance control set-ups to test for the effect of transplantation 
process on S. siliquastrum. All the transplantation procedures for S. siliqaustrum 
were conducted underwater to avoid air exposure of any of the plants. The thallus 
length, percentage of reproductive plants, survivorship, and photosynthetic effective 
quantum yield of the transplanted and natural populations were monitored once in 
every two weeks to monthly from September 2006 to June 2007. Individuals were 
counted as dead when found detached or disappeared from the transplantation devices. 
Thus, survivorship was expressed as percentage of individual plants that remained on 
the transplantation devices. All the measured parameters of the transplanted 
populations, except survivorship, were compared with those of the two natural 
populations, "Natural Shallow Population" and "Natural Deep Population". 
IV.2.2 Reciprocal Transplantation for S. hemiphyllum 
The reciprocal transplantation experiments for S. hemiphyllum were conducted 
between Lung Lok Shui (LLS) and Tai Tarn Wan (sea school) (TTW(ss)) populations 
from late November 2006 to June 2007. More detailed description of these study 
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sites is given in Chapter 1 (Section 1.4.3). 
The transplantation device tailored for S. hemiphyllum was different from that for 
S. siliquastrum (Figure 4.2). S. hemiphyllum is found in lower intertidal region so 
the transplantation device was designed to keep the transplanted plants as close to 
their original elevation as much as possible. The transplanted individuals were tied 
up on ropes connected to weight rods at both ends for anchorage. All the other 
transplantation and tagging procedures for S. hemiphyllum were basically the same as 
those for S. siliquastrum except for the targeted transplantation habitats. Since the 
transplantation of S. hemiphyllum involved long-distance (50 km) transportation 
between LLS and TTW, transplanted individuals were temporarily soaked in filtered 
seawater with continuous aeration during the transport between sites. The four 
groups of transplanted populations of S. hemiphyllum were named as "LLS to TTW", 
" T T W to T T W ", T T W to LLS" and “LLS to LLS ". In the same way, those self 
transplants within the same sites served as the disturbance controls. The thallus 
length, percentage of reproductive plants, survivorship, and photosynthetic effective 
quantum yield of the transplants were monitored bi-weekly to monthly from late 
November 2006 to June 2007. All the measured parameters of the transplanted 
populations, except survivorship, were compared with those of the two natural 
populations, "Natural T T W Population" and "Natural LLS Population". 
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IV.3 Results 
IV.3.1 Reciprocal Transplantation for S. siliquastrum 
Figure 4.3 presents the experimental results on the mean thallus length, 
percentage of reproductive plants and photosynthetic effective quantum yield of the 
four transplanted populations: "Deep to Shallow", "Shallow to Shallow", "Shallow 
to Deep" and "Deep to Deep", and the two natural populations: "Natural Shallow 
Population" and "Natural Deep Population" of S. siliquastrum from September 
2006 to June 2007. 
IV.3.1.1 Mean thallus length 
Both "Natural Shallow Population" and "Natural Deep Population" of S. 
siliquastrum displayed significant temporal variations in mean thallus length 
throughout the study period (Kruskall Wallis tests: p < 0.05). Phenological 
differentiation in the timing of growth pattern between the shallow and deep 
populations recorded in the previous season (see Chapter 2 Section II.3.2.1) showing 
an early growth in shallow population was not observed in this season. Both 
populations displayed similar timing of phenological events (e.g. reaching the peak 
mean thallus length at the same time in February 2007). Both populations started 
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with low mean thallus length (〜10 cm), underwent slow growth phase together in 
September to November 2006. When the "Natural Deep Population" entered the 
active growth phase in December 2006, there was only limited growth in "Natural 
Shallow Population". Although they attained the maximum mean thallus length at 
the same time, the maximum mean thallus length of "Natural Deep Population" was 
significantly higher than that of the "Natural Shallow Population" (t-test: p < 0.05). 
The growth of shallow population of S. siliquastrum was severely affected by sea 
urchin grazing (see Chapter 2 Section 11.4.2.2.1 for details) 
The two transplanted populations at the shallow regions, "Deep to Shallow" and 
"Shallow to Shallow", displayed almost no growth in mean thallus length with 
insignificant temporal variations (Kruskall Wallis tests: p > 0.05). These two 
transplanted populations did show a tendency to grow at the beginning of the 
experiment from September to October 2006. However, the momentum of growth 
was hindered and stopped by sea-urchin grazing in the subsequent months (Figure 
4.4). Sea-urchin invasion onto the transplantation devices of S. siliquastum at 
shallow region began in late October 2007. Since then, the mean thallus length 
remained at low value (< 10cm) from November 2006 to February 2007. Partial 
mortality as reflected by blackening of dead tissues on the thallus of a few 
transplanted individuals was observed in November 2006. Eventually, experiments 
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for these two groups of transplants were terminated as all the transplanted individuals 
disappeared from the set-up in March 2007. 
Significant temporal variations in mean thallus length were detected (Kruskall 
Wallis tests: p < 0.05) in the two transplanted populations situated at the deep region, 
"Shallow to Deep" and "Deep to Deep ". The "Shallow to Deep" population 
displayed a growth pattern with phenological peak synchronized with that of the 
natural population from its original habitat, "Natural Shallow Population", and also 
of the "Natural Deep population". The extent of growth was relatively higher in 
"Shallow to Deep" population (Max. mean thallus length: 24.08 土 10.49 cm) than in 
its natural counterparts at the shallow region (Max. mean thallus length: 22.16 士 4.26 
cm). Although the maximum mean thallus lengths of both "Shallow to Deep" and 
"Natural Shallow Population" were similar (t-test: p > 0.05) in terms of magnitude 
(〜20 cm), the wider range of standard deviation recorded for peak mean values in 
"Shallow to Deep" population indicated that more individuals from this transplanted 
group reached up to larger sizes while less of the natural shallow individuals did so. 
From this same perspective, the "Deep to Deep" population grew better than the 
"Shallow to Deep" population. Both "Shallow to Deep" and “Deep to Deep" 
populations showed a constant growth without a significant active growth phase as the 
"Natural Deep population" did. The "Natural Deep Population" reached the 
. 180 
Chapter 4: Transplantation Experiments 
longest maximum mean thallus length (44.74 士 13.14 cm) among the populations in 
the deep region. 
IV.3.1.2 Percentage of reproductive plants 
None of transplanted individuals in "Deep to Shallow" and "Shallow to 
Shallow" groups became reproductive over the experimental period. Only four 
populations, "Natural Shallow Population", "Natural Deep Population", "Shallow 
to Deep" and "Deep to Deep", had records of reproductive individuals. These four 
populations shared the same time frame of reproductive period (January to May 2007). 
The phenological patterns of reproduction of the two transplanted populations 
"Shallow to Deep" and "Deep to Deep" at deep region were similar to each other but 
were slightly delayed when compared with the two natural populations. The 
maximum percentage of reproductive plants of the two natural populations was 
recorded in February 2007 and that of the two transplanted populations, in March 
2007. The natural deep population also showed generally higher percentage (10 to 
65%) of reproductive plants than the transplanted populations (5 to 35%). The 
maximum percentage of reproductive plants recorded followed the descending order 
of: "Natural Deep Population " > “Deep to Deep" > "Shallow to Deep" > "Natural 
Shallow Population，，. 
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IV.3.1.3 Photosynthetic effective quantum yield 
Monitoring for the photosynthetic performance of the transplanted and natural 
populations of S. siliquastrum was not complete due to the technical failure of the 
Diving-PAM fluorometer from January to March 2007. Based on the available data, 
however, it can be shown that the variation patterns of the two natural and the two 
transplanted populations at deep region generally resembled the variation patterns of 
photosynthetic activities of S. siliquastrum recorded in previous growing season 
(more details in Chapter 3), showing a peak of effective quantum yield before active 
growth phase and a declining trend of yield as the populations elongated in size in 
later growth phase. The lowest values of effective quantum yield for these four 
populations were recorded when they entered the die-back stage (Figure 4.3). The 
variation patterns of photosynthetic activities of these four populations were similar 
with each other but slightly different from that of the two transplanted population, 
"Deep to Shallow" and "Shallow to Shallow", at the shallow region. 
The photosynthetic effective quantum yield of "Deep to Shallow" and "Shallow 
to Shallow" populations started with a peak value in October 2006 and dropped 
slowly from the peak. This part of the variation patterns was similar to that in the 
other four populations. However, the drops in effective quantum yield in "Deep to 
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Shallow" and "Shallow to Shallow" populations were more drastic after November 
2006. This coincided with the partial mortality of the vegetative tissue of the 
transplants due to sea-urchin grazing (Figure 4.3). Under grazing pressure, decline 
in the health condition of the two transplanted populations of S. siliquastrum was 
observed starting from November 2006 (Figure 4.4). Blackening of the vegetative 
tissue at the apical tips and abnormal degeneration of vegetative tissues were observed 
in the subsequent months. Only holdfasts with low photosynthetic effective 
quantum yield (〜0.45 to 0.5) were left on the transplantation devices in January 2007. 
IV3.1.4 Survivorship 
The survivorship of the two groups of transplanted S. siliquastrum at deep region 
was higher than that of the two groups at shallow region at the end of the experiment. 
The survivorship of "Deep to Deep" and "Shallow to Deep" populations slightly 
dropped along the course of the experiment but remained above 80% at the end of the 
transplantation experiment. The "Shallow to Shallow" and "Deep to Shallow" 
populations, however, showed a drastic decline in survivorship in January and 
February 2007 respectively. All the transplanted individuals of S. siliquastrum at the 
shallow region were lost in March 2007. 
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IV.3.2 Reciprocal Transplantation for S. hemiphyllum 
Figure 4.5 presents the monitoring results on the mean thallus length, percentage 
of reproductive plants and photosynthetic effective quantum yield of the four 
transplanted populations: "LLS to TTW，，，“TTW to TTW”，"TTW to LLS" and 
"LLS to LLS", and the two natural populations: “Natural T T W Population" and 
"Natural LLS Population" of S. hemiphyllum from September 2006 to June 2007. 
IV.3.2.1 Mean thallus length 
All the six populations exhibited significant temporal variation in mean thallus 
length (Kruskall Wallis tests: p < 0.05). The phenological patterns of mean thallus 
length among the six populations were similar over the experimental period. 
The morphological difference between the natural populations of S. hemiphyllum 
from LLS and TTW, with T T W population showing longer maximum mean thallus 
length detected in the previous growing season (see Chapter 2 Section II.3.3.1 for 
more details) was also consistently recorded in the growing season. The peak 
mean thallus length of "Natural T T W Population" was significantly greater (t-test: p 
< 0.05) than that of the "Natural LLS Population ". Self-transplantation of S. 
hemiphyllum individuals did not change their phenological cycle nor their mean 
thallus length. The two self-transplanted populations, " T T W to T T W " and “LLS to 
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LLS", displayed the same variation patterns of mean thallus length with similar peak 
values (t-tests: p > 0.05). Reciprocal transplantations between LLS and T T W did not 
change the phenological patterns of their mean thallus length. However, for " T T W 
to LLS" population, the maximum mean thallus length of the transplants was 
significantly smaller (t-test: p < 0.05) than that of the natural population from its 
original habitat in T T W and became similar (t-test: p > 0.05) to that of the two 
populations in LLS, the transplanted site. For "LLS to T T W " population, the 
maximum mean thallus length of the transplants was significantly greater (t-test: p < 
0.05) than that of the natural populations from its original habitat in LLS and became 
similar (t-test: p > 0.05) to that of the two populations in TTW. 
IV.3.2.2 Percentage of reproductive plants 
The phenological patterns of reproduction were generally similar among the six 
populations such that they showed similar time-frame of reproductive period and 
timing of peak percentage of reproductive plants. The percentages of reproductive 
plants were similar among the three populations at TTW, so were the three 
populations at LLS. In general, the reproductive output of either transplanted or 
natural populations of S. hemiphyllum at TTW, as denoted by percentage of their 
reproductive plants, was higher than that of their counterparts at LLS. 
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No changes in reproduction phenology nor in reproductive output were observed 
among populations of S. hemiphyllum self-transplanted within their original natural 
habitats at either LLS or TTW. Peak percentage of reproductive plants of S. 
hemiphyllum increased after transplantation from LLS to TTW, but decreased after 
transplantation from T T W to LLS. 
IV.3.2.3 Photosynthetic effective quantum yield 
Although the continuous monitoring of the photosynthetic performance of the 
experimental populations was interrupted due to technical problem of the instrument 
during January to March 2007, the available data showed that the photosynthetic 
effective quantum yield of the six populations of S. hemiphyllum varied similarly over 
the experimental period. Peak effective quantum yield for the six populations was 
recorded in November 2006. Afterwards, a declining trend of yield from the peak 
was generally observed for all these populations. Neither self-transplantation nor 
reciprocal transplantation of S. hemiphyllum induced changes in their photosynthetic 
performances. 
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IV. 3.2.4 Survivorship 
The survivorship of the four transplanted S. hemiphyUum populations was 
maintained at 100% for most of the time over the experimental period. Slight drops 
in survivorship were observed in these populations after April 2007. At the end of 
the transplantation experiment, 75 to 80% of the transplanted individuals remained at 
T T W whereas 95 to 100% of the transplanted individuals in LLS were still attached to 
the transplantation devices. 
IV.4 Discussion 
Many examples of intra-specific morphological (e.g. De Paula & Oliveria, 1982) 
and phenological variability (e.g. Espinoza & Rodriguez, 1987; Norton & Deysher, 
1989, Yoshida et al., 2004) of Sargassum spp. found in different environments have 
been reported. These habitat-linked / geography-related morphological and 
phenological variabilities have been attributed to either phenotypic plasticity (Norton 
& Deysher, 1989) or ecotypic differentiation (Yoshida et al., 2004) of these 
Sargassum species. 
Several approaches have been used to determine the causes of intra-specific 
variations in morphology and phenology of Sargassum spp.. These approaches 
include, reciprocal transplantation, growth under common conditions in the laboratory 
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or in the field, laboratory culture followed by outplanting individuals into the field, 
and cross between morphological / phenological variants (Innes, 1984). De Paula 
and Oliveira (1982) transplanted dwarfed S. cymosum from exposed to sheltered sites 
to study the possible effect of wave exposure on its morphology. Espinoza and 
Rodriguez (1987) conducted reciprocal transplantations for two populations of S. 
sinicola from El Cajete and Las Pacas in southern Gulf of California with distinct 
phenological differences. Norton and Deysher (1989) and Yoshida et al. (2004) 
employed the common gardening techniques to transplant different phenological 
variants of S. muticum and S, horneri respectively from different localities to a single 
site. In the present study, reciprocal transplantations were intentionally employed to 
study the underlying causes of phenological and morphological variations of S. 
silisquastrum and S. hemiphyllum populations recorded in their first growing season 
in 2005 to 2006 (see Chapter 2 for details). The experimental results demonstrated 
that transplantations of Sargassum spp. to new environment or self-transplantation to 
the original environment have induced various changes in their growth, reproduction 
and photosynthesis. 
IV.4.1 Transplantation Experiment for S. siliquastrum 
Whether the phenological differentiation observed between shallow (-2 m to -4 
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m C.D.) and deep (-7 m to -9 m C.D.) populations of S. siliquastrum and recorded in 
the first growing season in 2005 to 2006 is due to phenotypic plasticity or ecotypic 
differentiation of the populations could not be ascertained based on the available 
results obtained from the current transplantation experiments. Earlier phenological 
growth and reproduction in shallow population of S. siliquastrum noted in the first 
growing season was not recorded again during monitoring of the transplants in the 
second growing season. Both "Natural Shallow Population" and "Natural Deep 
Population" showed similar phenological patterns of growth and reproduction 
without significant difference in the timing of these phenological events. This 
indicated the existence of inter-annual variation in the timing of phenological events 
of S, siliquastrum between the two growing seasons. However, the mean thallus 
length and percentage of reproductive individual in "Natural Deep Population" were 
higher than those in "Natural Shallow Population". Therefore, the reciprocal 
transplantation experiments between shallow and deep populations of S. siliquastrum, 
originally intended to study the differentiation in timing of phenological events, could 
also serve to investigate the variations in thallus length and reproductive output 
between the two populations. 
The major environmental differences between shallow (-2 m to -4 m C.D.) and 
deep (-7 m to -9 m C.D.) regions in LLS were characterized by lower irradiance and 
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lower sea-urchin density during monitoring of the transplantation setups from 
September 2006 to June 2007. Grazing pressure from sea-urchin led to reduced 
growth and reproduction in shallow population (Chapter 2). The two transplanted 
populations at the shallow region, "Deep to Shallow" and "Shallow to Shallow", 
were also grazed by the sea-urchins (Figure 4.4) so the experiment had to be 
terminated earlier than planned. Although sea-urchin grazing did not clear the entire 
"Natural Shallow Population", the growth and reproduction of this population was 
much reduced when compared temporally with the same population in the previous 
season and spatially with the "Natural Deep Population" in the second growing 
season. The extent of growth and reproduction output of "Shallow to Deep" 
population was slightly higher than that of the "Natural Shallow Population", 
implying a better growth and reproduction of S. siliquastrum in an environment with 
lower sea-urchin abundance. The extent of phenotypic plasticity on growth and 
reproductive output driven by sea-urchin grazing could not be observed in the “Deep 
to Shallow" population. However, a complete loss of all transplanted individuals 
confirmed the lethal effect of sea urchin grazing. It was also possible that the 
phenological timing of growth and reproduction of "Natural Shallow Population" 
was delayed due to the grazing pressure from sea-urchins. This hypothesis on the 
effect of sea urchin grazing on phenological timing should be further studied with 
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specific experiment design (e.g. transplantation with sea-urchin exclusion setups). 
Transplantation of S. siliquastrum from natural habitat onto artificial 
transplantation device has some apparent negative effects on growth and reproduction. 
The "Natural Deep Population" displayed a slow growth phase followed by an 
active growth phase, reaching a peak mean thallus length of about 50 cm. This is a 
typical pattern observed for many years in this population. However, the "Deep to 
Deep" self-transplanted population only showed steady growth and attained a 
maximum mean length of only about 30 cm. The percentage of reproductive plants 
in "Natural Deep Population" was also higher than that among the self-transplanted 
individuals. One of the most likely causes of these negative effects on growth and 
reproduction on S. siliquastrum is damage to the holdfast during the removal and 
transplantation process. The discoid-conical holdfast of S. siliquastrum was found to 
serve not only for physical attachment on the substratum but also as a storage organ 
for energy resources (Wong, 2007). Damage or partial loss of holdfast tissue during 
the removal and/or transplantation process may have reduced the reserve content for 
later growth and reproduction of the "Deep to Deep" transplants. Healing recovery 
of the wound inflicted on the holdfast could also draw energy away from growth, 
resulting in an energy trade off between growth and recovery (DeWreede et ai, 1992). 
The results on P A M measurement of S. siliquastrum indicated that the reciprocal 
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transplantations did not change the general variation pattern of the photosynthetic 
effective quantum yield of S, siliquastrum. However, the magnitude of effective 
quantum yield of shallow population increased when transplanted to deep region, 
suggesting the occurrence of photo-acclimation to low irradiance environment in S. 
siliquastrum after transplantation from shallow to deep regions. Although 
monitoring of the photosynthetic performance of "Deep to Shallow" population could 
not be completed for the whole season due to sea-urchin grazing, photo-acclimation 
with reduced photosynthetic effective quantum yield was also observed in S. 
siliquastrum after transplantation from deep to shallow regions. Similar acclimation 
patterns in photosynthetic response after transplantation to different regimes of 
irradiance levels have also been reported in other studies. Dawes et al. (1988) and 
Dawes (1989) reported an increase in irradiance-photosynthesis rates with regards to 
compensation irradiance and photosynthetic efficiency in transplanted S, pteropleuron 
and S. filipendula from clear water to sites with high turbidity and vice versa. Such 
capability to photo-acclimatize to different light conditions explained the distribution 
extent of these Sargassum spp.. 
IV.4.2 Transplantation Experiment for S. hemiphyllum 
Reciprocal transplantation experiments for S. hemiphyllum populations between 
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T T W and LLS were conducted to study the morphological difference of maximum 
mean thallus length recorded in the first growing season (see Chapter 2). Such 
difference in morphology between the two populations persisted in the second 
growing season as reflected in the monitoring results of "Natural LLS Population" 
and "Natural T T W Population". Besides the difference in maximum mean thallus 
length, the percentage of reproductive plant was also different between the two natural 
populations with "Natural T T W population" having higher reproductive output. 
The apparent negative affect of transplantation on growth and reproduction, as 
observed in S. siliquastmm, did not seem to occur in self-transplanted S. hemiphyllum 
individuals. Since S, hemiphyllum has ramifying rhizoid-like holdfast, damage to the 
holdfast was inevitable when detaching the individuals from their original substratum. 
In spite of this, the growth and reproductive patterns of the transplants were not 
affected and still resembled those of the natural populations. This suggests that the 
ramifying rhizoid-like holdfast of S. hemiphyllum may not be functionally specialized 
for resource storage as in the case of the discoid-conical holdfast of S. siliquastmm. 
Tissue healing and growth of holdfast in all the transplants of both species were 
observed during the course of monitoring. However, this did not seem to affect the 
vegetative growth of S. hemiphyllum, unlike in the case of S. siliquastmm. The 
results from self-transplantations also confirmed that changes in the growth and 
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reproductive patterns of S. hemiphyllum observed in the reciprocal transplantation 
could mainly be attributed to exposure to different environmental conditions in the 
transplanted sites, rather than to any effect of the transplantation setup itself. 
The LLS site is characterized with the highest wave exposure, as denoted by a 
high modified fetch index of 4.25 km, the highest among the study sites. The two 
sites, TTW(ss) and TTW(rs), are regarded as sheltered sites with the lowest modified 
fetch index (< 2 km) (see Figure 2.25 in Chapter 2 for details). It was hypothesized 
that the intra-specific variations in maximum mean size of the thalli between the 
populations of 5. hemiphyllum from LLS and T T W were related to difference in wave 
exposure between the two sites (Chapter 2). Wave exposure has been considered as 
a causal factor of intra-specific variations in the morphology of S. cymosum (De Paula 
& Oliveira, 1982). These authors concluded, after transplantation experiments, that 
the differences they measured were due to ecotypic differentiation of the populations. 
The reciprocal transplantation of S. hemiphyllum in the present study, on the other 
hand, demonstrated phenotypic plasticity of S. hemiphyllum to different wave 
exposure. The "shorter" S, hemiphyllum from the exposed site (LLS) increased its 
maximum mean thallus length after being transplanted to the more sheltered TTW, 
while "longer" population from T T W showed significant decrease in maximum mean 
thallus length after being transplanted to the exposed site. 
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Reproductive output, as denoted by percentage of reproductive plants, could be 
related to the size of the Sargassum spp.. Vegetative growth of pseudo-perennial 
algae like Sargassum spp. before the active growth and reproductive periods is 
believed to be responsible for energy resource acquisition that would be used for 
growth and development in the later stages (Wong, 2007). McCourt (1984) 
suggested that a minimum size may be necessary for S. sinicola to become 
reproductive. Smaller thallus size could therefore mean lower ultimate reproductive 
output as not all individuals may become reproductive or that smaller thalli would 
produce less amount of receptacles, hence less number of germlings. Therefore, the 
phenotypic plasticity of thallus length, as a response to the degrees of wave exposure, 
could also affect the reproductive output of the transplanted population. This also 
explained the slight change in the percentage of reproductive plants in the populations 
of S. hemiphyllum after reciprocal transplantation between LLS and TTW. In view 
of this, it can be said that the expression of both morphological (in terms of thallus 
length) and reproductive (in terms of percentage of reproductive plants) variations 
between the populations of S. hemiphyllum from LLS and T T W is attributable to 
phenotypic plasticity in the response of these populations to differences in wave 
exposure. 
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IV.5 Summary 
Reciprocal transplantation experiments for both S. siliquastrum and S. 
hemiphyllum were conducted from September 2006 to June 2007 to examine the 
phenological and morphological variations among the populations from localities 
showing different environmental conditions like depth and wave exposure. 
The monitoring results revealed that the phenological differentiations with 
respect to the timing of growth and reproduction between the two natural populations, 
"Natural Shallow Population" and "Natural Deep Population", of S. siliquastrum 
in LLS were not consistently recorded, in contrast to what was observed previously. 
In view of this, the question on whether these phenological differentiations between 
the populations are due to ecotypic differentiation or phenotypic plasticity of these 
populations could not be addressed. The reciprocal transplantation of S. 
siliquastrum showed a better growth and reproduction at deep region with lower 
occurrence of sea-urchin. Lethal effect of sea-urchin grazing on S. siliquastrum was 
recorded from transplanted populations of "Shallow to Shallow" and "Deep to 
Shallow". Photo-acclimation of S. siliquastrum in response to the new environment 
was observed after reciprocal transplantation from shallow to deep region and vice 
versa, indicating the plasticity of photosynthetic performances to different light 
conditions. 
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The differences in maximum thallus length and reproductive output of S. 
hemiphyllum populations from LLS and T T W were studied by reciprocal 
transplantation experiment. Shorter population with lower percentage of 
reproductive individuals from the exposed site (LLS) increased in both its maximum 
mean thallus length and percentage of reproductive plants after being transplanted to 
the sheltered site (TTW). The reverse was true for the reciprocal transplant the other 
way around. These results demonstrated the phenotypic plasticity of size and 
reproductive output of S. hemiphyllum in responding to variations in wave exposure. 
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Stud screws in-planted 
into concrete block . 
Conceptual design of the transplantation device for Sare讓m siliauastruw 
Preliminary setup preparation Shallow to Deep (Sept 06) 
Shallow to Deep (Oct 06) Shallow to Deep (Dec 06) 
Figure 4.1 Sargassum siliquastrum : The conceptual diagram and photographic records of the 
Iranplantation device. 
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S. hemiphyllum 
Weight Rod 
Conceptual design of the transplantation device for Sareassum heminhvlhim 
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Fig. 4.6 The survivorship (%) of the transplanted populations of both S. 
siliquastrum and S. hemiphyllum. 
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Chapter 5: Summary and Conclusions 
Study on phenological growth and reproduction of plants and their relationship 
with the environment is essential for better understanding of their ecological role and 
for optimizing their application as natural resource. Sargassum spp. have been 
shown to be economically as well as ecologically important resources of the coastal 
environment. These brown algae provide habitats and food for various coastal 
organisms and serve as sources of various useful products for human. There have 
been extensive studies on the phenology of Sargassum spp. all around the world. It 
was evident from the literature review that there are contrasting seasonalities for 
growth and reproduction among different populations of Sargassum from different 
localities. At the same locality, inter-specific differentiation in phenology of 
Sargassum spp. could also occur. Even for a single individual species, intra-specific 
11 w直…1 呂 1u•上 
meso-scale (<100 km) range of distribution have been documented. 
In Hong Kong, a previous field observation revealed that some Sargassum thalli 
from Tai Tarn Wan in the south appeared to persist and remain healthy while in the 
same period, most of their northern counterparts had died-back or degenerated. This 
observation led to the hypothesis that there may be a small-scale latitudinal gradient 
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from north to south within Hong Kong waters such that Sargassum populations in the 
southern part of Hong Kong would exhibit a delay in seasonal phenological cycle 
when compared to populations in the north. Such hypothesis may be put forward to 
indicate the potential existence of meso-scale (<100 km) spatial variation in the 
phenology of Hong Kong Sargassum populations. To test this hypotheses, a 
comprehensive survey on seasonality of two common Sargassum species, S. 
hemiphyllum and S. Siliquastmm, covering their horizontal distribution range from 
north to south of Hong Kong and vertical depth range from shallow to deep waters 
was therefore conducted from September 2005 to June 2007 with an aim to study the 
comparative seasonality of populations of these two Sargassum species in Hong Kong. 
Sargassum populations from a total of seven sampling sites from north to south: Lung 
Lok Shui (LLS), Lung Yuen Tsui (LYT), Lo Fu Ngan (LFN), Lung Ha Wan (LHW), 
Clear Water Bay (CWB), Tai Tarn Wan (rocky shore) (TTM(rs)) and Tai Tarn Wan 
(sea school) (TTW(ss)) were studied. 
The results indicated that the phenological cycles of growth and reproduction of 
S. siliquastmm were two months earlier than those of S. hemiphyllum. Such 
phenological differences between the two Sargassum species are possible indication 
of temporal niche-differentiation on top of their spatial niche-differentiation along a 
gradient of water depth to optimize their co-existence at the same locality. However, 
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there were no intra-specific differentiations in phenological growth and reproduction 
among the populations of both S. siliquastrum and S, hemiphyllum distributed along 
the meso-scale latitudinal gradient from north to south of Hong Kong. In the second 
growing season (August 2006 to June 2007), grazing by short-spined sea-urchin 
{Anthocidaris crassispina) drastically altered the phenology of S. siliquastrum in LLS, 
resulting in reduced growth and retarded reproductive output as compared with 
populations from the other study sites where sea-urchins were rarely encountered. 
The occurrence of S. hemiphyllum thalli with longer mean length at relatively 
sheltered and calm T T W embayment area (TTW(rs) and TTW(ss)) and thalli with 
shorter length at most exposed site (LLS) indicated that wave exposure may be the 
factor causing morphological differences among the populations of S. hemiphyllum. 
Despite the absence of intra-specific phenological differentiation among the S. 
siliquastrum populations distributed along a meso-scale (< 100 km) latitudinal 
gradient from north to south of Hong Kong, a clear phenological differentiation 
between the LLS shallow (-2 m to -4 m C.D.) and deep (-7 m to -9 m C.D.) 
populations of S. siliquastrum was recorded during the first growing season with 
phenological events of the shallow S. siliquastrum population taking place ahead of 
the deep population. Shallow populations tend to display shorter thallus length but 
higher reproductive output than the deep population. These findings suggest a 
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difference in the growth strategy adapted by the two populations along the depth 
gradient in response to different levels of irradiance and stand densities exhibited by 
the two populations. 
Seasonal photosynthetic performances of the two Sargassum spp. were 
monitored in-situ by Diving P A M along with the monitoring of their growth and 
reproduction from September 2005 to June 2007. Both S. siliquastrum and S. 
hemiphyllum displayed annual cycle of effective quantum yield with seasonal peaks 
occurring right before the onset of active growth. During the active growth, their 
effective quantum yield decreased as the plant grew in size. These dropped to the 
minimum level when the Sargassum spp. entered the die-back stage. Such seasonal 
variations in photosynthetic performance of the two Sargassum spp. were not in line 
with the phenological patterns of growth and reproduction. The peak growth was 
lagged behind the peak of photosynthetic efficiency suggesting that energy resource 
acquired during peak photosynthetic period may be reserved during early growth 
phase for use later during active growth and reproduction. The decreasing trend in 
photosynthetic effective quantum yield of the two Sargassum spp. as they grew in size 
during active growth could possibly be explained by increase in their dry weight / 
fresh weight ratio and "pigment dilution effect". The seasonal photosynthetic 
efficiency of both S. silquastrum and S. hemiphyllum were related to their life stages 
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and were in the descending order of: Slow Growth Phase > Active Growth Phase > 
Reproductive Phase > Dieback Phase. This implies that there is differential energy 
requirement for growth and development in different life stages of the populations. 
Differential photosynthesis among various parts of Sargassum spp. is related to 
their morpho-functional specialization. Measurement on photosynthetic performance 
indicated that the whole thallus, including holdfast, of the two studied Sargassum spp. 
were photosynthetic with "leaf/blade" being the most photosynthetically active. The 
results indicated a descending order in magnitude of maximum quantum yield among 
the different tissue parts of the Sargassum thallus: "Leaf/Blade" > "Receptacles" > 
"Stipe" > "Holdfast". A gradient of increasing maximum effective quantum yield 
(measured in the laboratory) from the apical tip to the basal part was observed in S. 
siliquastrum during active growth and reproductive phases. This gradient in 
photosynthetic efficiency could be attributed to "shade adaptation" of the basal part of 
the thallus and photo-inhibition at the upper part. No such gradient of maximum 
quantum yield was observed in S. hemiphyllum. This may be due to the fact that S, 
hemiphyllum is naturally a lower intertidal species, hence is well adapted to exposure 
to higher irradiance or that light was never a limiting factor in the intertidal region. 
The "shade adaptation" and photo-inhibition could also be extended to explain 
the differential effective quantum yield between shallow (-2m to -4m C.D.) and deep 
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(-7m to -9m C.D.) populations of S. siliquastrum at LLS. Generally stronger PAR in 
the summer time induced a greater difference in photosynthetic effective quantum 
yield between the S. siliquastrum populations from the two depth zones. 
Manipulative reciprocal transplantation experiments for both S. siliquastrum and 
S. hemiphyllum were conducted from September 2006 to June 2007 to examine the 
factors behind the phenological and morphological variations among the populations 
from different localities recorded in the first growing season. The results 
demonstrated that transplantations of Sargassum spp. to new environment or 
self-transplantation to the original environment have induced various changes in their 
growth, reproduction and photosynthesis. Transplantation from the original habitat 
to transplantation device was found to reduce growth and reproductive output of S. 
siliquastrum. The question on whether the phenological differentiation between the 
shallow (-2m to -4m C.D.) and deep (-7m to -9m C.D.) populations of S. siliquastrum 
recorded in the first growing season was due to phenological plasticity or determined 
by genetic difference could not be answered based on the current transplantation 
experiments as such difference between the two natural populations was not 
consistently recorded during the second growing season. Both natural and 
transplanted populations of S. siliquastrum had better growth and reproduction at deep 
region where abundance of sea-urchin was lower. The lethal effect of sea-urchin 
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grazing was recorded from transplants at shallow region. However, it is suggested 
that further investigation (e.g transplantation setup with urchin exclusion) should be 
put forward to study the sea-urchin grazing effect on the timing of phenological cycle 
of Sargassum. 
The differences in maximum thallus length and the reproductive output of S. 
hemiphyllum populations from LLS and T T W were studied by reciprocal 
transplantation. Shorter populations with lower percentage of reproductive 
individuals from the exposed site (LLS) showed an increase in both maximum mean 
thallus length and percentage of reproductive plants after being transplanted to the 
sheltered site (TTW). The reverse was true for the reciprocal transplant the other 
way around. These results demonstrated the phenotypic plasticity of size and 
reproductive output of S. hemiphyllum in responding to variation in wave exposure. 
Photo-acclimation of S. siliquastmm in response to a new environment was 
observed after reciprocal transplantation from shallow to deep region and vice versa, 
indicating the plasticity of photosynthetic performances of this species to different 
light conditions. This further confirmed "shade adaptation" and photo-inhibition as 
an explanation for the differential photosynthetic effective quantum yield observed 
between shallow and deep populations. 
This thesis research has revealed the patterns of phenological growth, 
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reproduction and photosynthetic performances of S. siliquastrum and S. hemiphyllum 
populations distributed along both the latitudinal gradient from north to south of Hong 
Kong and the vertical gradient along different water depths. The existence of these 
differential patterns can be attributed to phenotypic plasticity of the two Sargassum 
spp. in responding to changes in environmental conditions (abiotic factors: light and 
wave exposure). Given that sea urchin grazing and stand density within the 
Sargassum beds are suspected biotic factors affecting the phenology of Sargassum spp. 
but were not thoroughly investigated in the present study, further research could focus 
on phenotypic plasticity of these Sargassum spp. in response to these biotic 
interactions. The impact of sea-urchin grazing is far more serious than previously 
suspected. This biotic disturbance may ultimately determine the survival of the 
Sargassum population itself and should hence be an area of more intense studies in 
the future. 
This thesis research has achieved its overall objectives set out at the beginning of 
the studies. Data obtained from this research should serve to provide essential 
baseline information for better understanding of the community and population 
dynamics of this very important coastal resource of Hong Kong and should ultimately 
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